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EYE-SAFE DERMATOLOGIC TREATMENT 
APPARATUS 

PRIORITY 

litis appiicati i . , be priority §35 USC 

! 19(e) w U.S. i r ms N 60/450 

243, fifed Pol i - 150,5 ! ; eb. 26. 2003; 

60/4.11 091 filed la 2003 1/452,304 filed M« 4. 

2003; 60/451 ,98.1, filed Mar. 4, 2003; 60/452,59; , filed Mar. 
6, 2003; 60/456,379, filed Mar. 20, 2003; 60/456,586. Sod 
Mar. 21,2003 6< 45? 1, 'Tied 5 - 2003 and 60/472, 
I ; May 20, 2003 now abandoned. 

BACKGROUND 

1. Field of the Invention 

fit iowsntion ) 1 a- trsietit rppara 

tm and method ■ i i apparatus that is light, 

based, yet eye-safe. 

2. Description of the Related Art 

1 1 . 1 < i spcci sere for pi ciaa-r. 

fanned epd.ui ,i • i 1 a < pulsed it, or IP1 
sources shortly ft ter - e , ItheSr real dvaac« 
in the treatment . ... r since the invention of dec- 

iroiyxis in the late 1 800's. The use oflasers and fiashlanips in 
fliese devices iri 1 i i effective, bat 

i f, t f multiple hairs at 

a time, greatly improving coverage rate, 

ed epih fx la s of leu. ten erbab 

< i [though this a is strict] ct o«l> when 

follicles undergo sufficient sermal d a •< rmanem 
prevent die growth of aew hairs ("permaaeetiaif reduciiox;"). 
Procedures that thermally damage follicles to induce a delay 
in. hair regrowlh are rn&re accurately described as hair-re- 
growth inhibition. 

Methods ir.d f bas* » i tn .we now 

videspread and an lira f people we rlchudt 

have undergone t a i very small see 

ion of the pot fihe high cost 

and tnconveaiet s ted wit 1 jcimi- based proce- 
dures and devices vsaresul sad* ire for lower cost 
more compact d i 0 u ' er the cost of physician 
based treatments and. ultimately, help enable salon and con- 
sumer markets. There is also a desire lot devices with 
J ced eye safety, 

Theatre 1C a hiSi . I ist.rMste.nby 

Star Medica in J f ir-rei 1 ibition (and sub 
,u>uesirK ic pemianei .4 the begin- 

ning ofcrie ofihe most successful aesthetic iaser applications 
* thedenmatol p i > b e t vtisand systems 
installed worlds » of these and 

similar devices thai foil seed have been well established. 
Other such device i led ' 1i t (LC 100} diode 
teserofPalomar ik echr; \pt < f>(K) diode 

laser oORIDEX Corporation, and the Fl diode laser of Opus 
Medical, iac. 

The radiant, exposure applied to the skin (often referred to 
as "fsuence", expressed in joules per square centimeter; by 
this class of da > v arrange at a 

' ^ x . was initially 

believed that pulse durations in the 5-30 ms range are opti- 
mum; however, subsequent studies showed that longer pulses 
(up to at least sf 1 hundrt 1 , is caa quite effec 

rCjJ h t i 

f aai heating i given flues ten a 



2 

path is prov ide mtput window 

made of sapphire in contact with the skin). 

nc i efficient 11 si;;e of t conducioi 

diode lasers utilized in these devices generally permit the 

5 manufeoture of pact syste) p y 1-3 cubic ieet in 
volume' md sim 115 VA p< iowever the ys 

tenia typically weigh at least 25-IOOpouads ami sell in the 
range of $40,000 to $90,000. A much Sower cost, wily per- 
i 1 kethi > 1 iurc i 

is widely available. 

I ser audi * i < x « xed » race si 

acceptance among dermatologists for effective treatment of a 
wide range o f applications, .such as hatr-regrowm inhibition 
and pemtane it ! air redact » i of tna sts, tre anient 

is ofbirtmuarks indfa If tufa , t vol! understood by 
' „ i > rals, however, that snch Sight 
l ipar!^. o s 1 1 d < biindn h cbteve« 
s ableefitenc h du-based rasaioicgic proce 

dares, such as reduction of unwarned fair or desiruct'ion of 

Ti small blood vessels, the dneneeon the skin typically exceeds 
1 Tom'-, These devices produce a rluenee at the htattnn eye 

i i greater ti 1 >o j j t b pos 

c i n.r icb > c J the treatments pert raedwitht! i 
to be extremely haianious if not used or conducted properly. 
S ITiese prt edi . erefoie uin.be the undertai g t 
adequate safety measures to protect the eyes of not only the 
patient, but the !c perator a > rersHinel that 

may be in the same area. (See, for example. IFC Technical 
Report 60825-S, Safety of laser products --Guideline for the 

30 sale use of medical laser equipment,) As stated in the 1BC 
report, wid me niediesl rati ty bewj 1 

an irradiartee that is more than 100.000 times higher than Use 
irradiance incident on the skin or cornea, due to the focusing 
actttmofthe eye, 

.15 With pro i it such a goggies ami 

hrainmg >fpe v caa be great!) 

reduced. As a consetjuence, reports of eye injuries to either 
patients or staff are rare in medical settings. However, risk of 
eye injury is a -constant concern. 

*o 'Hit. si i 1 ed den s ievke can he 

increased by (ocgrporatfeo of a contact sensor that enables 
ievict .Ixi be sensor is in corns • 

surface, such as a person's skin, forexarnpkc the light source 
(laser, fight emiuiag diode, Jiashlarap, etc ) caa be placed 

is within a housing having a single open end t 

light propagates; a contact sensor at this open end can enable 
operation of the d ■< < nh i f tin hoi sing is placed up against 
a contacted surface, ks mis manner light caa only propagate 
int • <br h th< rfa against hioh died i js placed 

sa Howwct, use of any type of setisor added to increase eye 
hi . n - ^ ixl ma cour fait. 3 
ide j! derm U< logic tream er t dev ct nd 
depend on electronic circuitry or user compliance with safety 
eyewear for safe use, 

.W fleas it is. highly desirable that any light-based device 
intended for medical application be designed to miaunize 
possible eye damage for a given level of output ihience or 
fherapeuti< benel f ■ i 1 t t t eye safety oi 
te light. Existing S > >. s , , 

re much mot* s to the eye tiiaa necessary because 

their i 1 ut ligh d es 1 i" 1 ily fix *' b 

heir output eouid be mad b 1 * 

and/or to have reduced spatial coherence, there would be a 
greatly reduced risk of eye injury, without significant loss of 

6S efficacy, 

Examples of office- ^ ems for denna- 

tologicaitreatoiem are described in U.S. Pat. Ncs. 6,508,813, 
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6,277,111 ,197 RV t < 1 73 5,824,023, and 

4,232,678. and ) ' 2002/0005475, 

and published KT application bo. WO 03/049633. The 
'5475 published application uses a contact sensor for 
enabling laser pulse nl> i > the handpiece is in good ; 
c dent's skin. On 1 i ' f * 

uch ,i 6e\ ce in a i i ting is th tt a small 

child, or person img to f , tes or eye brows 

with the device, may still inadvertently shins pulses into their 
eyes .and poteaMly cause permanent damage to their vision. 1 
Similar eye-safe f; problem i , arent in a home 
use, self-care application of the devices described in each of 

teabove-tw ,( >»< 1 , > >t 

i.'b,e '49633 pul edappl don ad iestheeye afeiy 
i uebyt ros k j j if t v. t rs f ir 

tot. bulky, tt mpie • i< pc ve for home use ine device 
includes sobstart n-po fk« tmi r i id m 

extendi bie handpi ecc connected by a long beam del ivory J) ght 
guide Inackliti < i e> for this device For , 

example 1 rr v ifttxjmpperjn 

handle the elect! ; fet> i les adevk hat l » 1 hi 1 
current front a «, til ufl t M ■ i i tly however, the 
KMeffiiori cVvad ii | ut idjits^s enbirttcd 
eye safotv tt, , i beam, con"ergent laser . 

b«am. concent!., 1 If < ■ beams or a fiber guided 
beam, aud from monochromatic sources. hi contrast, diver- 
gent light sources can bert 

easily, an closer • m' i 'he present 

invention. , 
The '029 and '020 patents describe devices that provide " 
ilaences ovet !0 

large to be eye-safe ami epidermis- safe in 'ase in a self-care 
setUng. Such output fluencies are likely to give rise to flueoces. 

p j ball ibe\ tb< M mm Peri ble ; 
Exposure (MPE), described in more detail below, an&or may 
likely cause but .. • ■ ■ rsnal region of the treated 

skit yoreevei s 1 re m efficiently pro 

ducedina self-,. 



CURRENT STATE OF THE ART 



:piM 



tsidermgsiiet 



arket. One t 

ol 1 - > 1 Vt 

include the LigkiSkeer diode laser system now manufactured 
by Luaf nts S v i ode ! iser by 
PaSomar Medi . . am slash lamp 
systc n .na^a v te ( »fO ,de 
Excel YAQ I st t a devu es are 
characters zed by \ «sta 1 effi< s confirmed by 
PDA clearance, (b) practiea a r , ? ghc * nti 
(d) relatively In- e having iesigtt where < 
handpiec is attached i consol 1 > mtpui fiuences 
repre -t tiing a severe hazard < ces prov tde effi- 
cacious and pratl , > r < i and ^.ej vnllv 
ias'oivea peak optic power if > t 0 W, output iluence 
of greater than 10.1 - tsi aO^ci and a 
coverage rate great* . - j u < impies of these 
office-based devi t d t ent lib ' i r e 
cited above, and further examples may be found in other 



jstheH 



>r light 



of 



tieulsr, Japan, wherc &«c ate wrt.i of products or, the market, 
lite devices n -M n !"i , p lol'tl 

fjfihe3.v! for these products in Jajestr 'flie.se cousuiuer devices 
are characterized bj i i, ' reduced as \ efficacy due to 
low peak power (~ 1 W or I s . ii sbe (-0.1 cm 3 

or iess), (b) siow coverage rate due to foe sraaii ■qjot si/.e sad 
involving the t n\ ii; find id i ha e> flicks, (c) low 
t, (d)rei: ehavi g a physical design where 

a handpiece is attached to a console or corded to a wdi power 
Siqjply. and (e) , 

The inventors of a a emtociiiirenf of the present itjeentiou 



> * " t ' ^ rsel t < ' h rc t / i!t 'a hn nrovit 

use in accordance wittt ac embodiment of the pjesent mm- effective la f practical epilation m ati entirely handheld and 
doa. 

Furthermore, the device described in the '029 and '020 held it is pre <.> , f consained in 

patents provides a very small spot size between 2 and f operation, and has, 'for example, a volume less than 1 500 cm 3 
millimeters in diameter correspondicgits ^proximately 0.03 4> and a weight less than I kg. Such a handheld and cordless 
rs in a a 1 I spot t > ' ' i less cu ^ t t 



that only one hair ist -an 1 at ati ae, , d;i act some sort of 
visual targeting i f 1 c ed to ensure that the 

spe' t- indvcc ver even ask i € Mso jsixta! 

sptn size saich i 0,03 K2 square cet inieter 

rnpliesavery !e < fhatj r a given number 

of square centimeters of skin containing unwanted hnirs to be 
'it ttt. J tut. r the necessary 

treatment iimt 1 » spot size would 

appear to bt. m , ^ ic^) c ui still 5 

a derate high foetice m r ' ace fluence is 

nergyd led! teoce ito depth wi h n t s 

kin, e.g., where oil < t is suhsmnh 11, 

l educed by s>. JtU nc smider the 

spot size especi ' T , w dn 0.1 n 'he mure pro- « 
nouncedthee fee hpthrciativeto 
fluence at the sur huoo ^nalf a spot 

such as t<> oe i - dents, the end 

result cm be l , ; (to get enough 



and handpiece ,i t 1 o«s the operator to atitcJi rr 



r than 10 ft. otitput fieej 



While ot 



d fight, and a 
fole to physic 
i be among the most 



i-tety 



if la:; 



d ibi ' 



O levicestyj 
ie bars operating at a wavelength o 
he systems range in peak optica 
s to nearly 3,000 watts, 
a limited ttt peak power to rougld; 
; y be adequate for tre 

fluence in the sfcr.mis) or very poorefifcaey due to inadequate 65 individual hairs (such as thcYa-Man device manufacm; 
fluence at depth; either of these options is obviously nodesir- Japan), treatsner.t of multiple hairs at a rime for rapid 
able. i em <tended art . - v. « 1 . i \ 



callyfoca 
approximately KO0 nm 
power &om about 90 w 
Discrete iaser diodes 
. While ffiis low a 



rig 
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r ! 25 watts or more. Thus diode laser tera, n&er&aa SUMMARY OF THE INVENTION 
'j crt t iifxle laser dt'i'iv >, are iti -poral ! mo the diode 

based office > 4 h the above, a 

hair-regrowth inhibition systems incorporating laser diode dermatologjc treatment appamti s a one or more 

bars, used by doctors ami > in an iffice setting, has i housings with at least Dae housing configured for mampula- 



! i i i I 1 t l L I 

i nulliple visits ir's office has a viti least ot ! t Bdant cin 

j ] v < t t - felv s 1 ^ v 1 t j <. ' f i c< 

X I . Q t ' ^ , , . ' 1 I i 1 



Ml Ittr i j ' 'It i > 

tag proven laser diode tor Wtaolosy. Unfortunately, galed out ol at least one ot the housings having properties 

ItL s r i « i ( 40 u, J^t , l ' 1 PJ ' ; v 1 

rl. K lf l, t 1 1 ( VV' 1 ,' 1 , tU 
lotlesst' 

5 r« i u s , d dace ifest is st 

R»at 1 < i ( j t t t , ,r i 

U.S. Pa!. No. <>, 533,775, and at U.S. published patent apjsli- ance insufficient to cause eye damage, 

cations no. 2003/0004499 and 2002/0097587, and in other lu one aspect, t * < ,a« Sight source, 

references incorporated hy reference 3bove and below herein. 2u p ore> . , L , ceJ vt 

Although potemialiy eye-. safe, the 0,533,775 patent than i degree, and is | trie.' Hit 6 degrees i 

fesenbtM tec i t v- lino j i t h! nhu Owt tl e ot c >i it his,, Tin be !i poumvui 

based aair-regwwth-inhi o 'j spparsms The device reflective, 

described ia the '775 patent hscteies a light source that reacts . A tKtcsraissive diflltser may me -tide a bulk scattering dif- 

cherfeoally with skin cream applied to die surface in order to J> faser medium such as opal glass, PTFE. thin Spectraion. or 

reduce the onset tone rbt light i coducedby atechctni »J eoaibiaaiions thereof. The fxaostnissive diflhser may also 

Mr removal device is not for effecting thermal damage of include a diffusive surface that is refractive or difxractive, or 

is t t • ti 1 asdic t nedto both and nuMut 1 msurfac t i ) 

penetrate through the cream to create any themsaf injury to sandblasted glass orplasticetehedgla.ssorplasticormolded 
targets within the tiemtis. 

The '975S7 ribes device wi& variable n«w» li . .hffaser may also iaohtdce 

n , , , , j v r, , t t I re Ki pattern 

cations. The reference also does wt provide any output flu- Vac refctive diifnser may include a rough surface sack as 

ences, waveieagths or pulse lengths that might by chance s .eibl.std ntt i [' , ( roe « )v jo 1. 1 ni i p „k 

render the finance at the eve of';) person to be under the MPS. or ceramic, or molded materials produced by a rough mold, or 

I e s j i ; j ,ii c f i n 1 t 

mis device to render it eye-safe for home use and to render it difm-< r r >tm or both, sucaascomprisingopal gi 
efficacious for demiato logic treatment forhsir-regjwthinlti- 
bitiofi, 

The '4499 app i a device that is described A mixer may be disposed along the light path for distrib- 

ihit hair regrovv - 4 i ting light n. i <- 1 <. r, i 

cation refers to its procedure as bio-stimutatioa to produce optical axis of tl*e light emitted by the source strifcing the 

bio-inhibitioa, aad hi any case, it is non-thermal. This is a diffitser is, in one embo us i para] o the conaal of 

whollj separatf 6 1 he<8ffh*sr. 

iiiat operate by cn sing therm mage to 1 i The In another as{ 1 t i diode laser Ugh 

i r) l i i l . r a ligj ' ) 

woold he efficacious for caasiag thermal damage to a hair soume '» *\ i theapparattts 

foilkle to prod) i eg th ii.diibiuon it it fhtence between 4 J/c >0 i/i 

Tte design of 8 handheld device forhaavregrowth tnhibi- so wherein the hut . ".is less than a 

Sioa requires clever circuit design, and implementation of a maximum r ^ 'W exposure (MPf-), such MPB having a 

detrnatologic n i it 1 m that is efficacious and yet eye- value in jVcro* csjuel to 1 5 0 t°" ; f C. her 1 for 

safe mqoims novel optical design. Therefore it has appeared 400 rim to 700 r-.m light and CV-d (f for infrated 

tvelengfes ?, in tins fears ( 

t< _ i i „ i j) " 1 1 1 1 i i > f t 1 ! ' 

1 v pact, battet < s 1 ' " the t itiori in sec 

and incorporate* a diode laser or ofeer it so ^ ! 1 5 coot ,ed 

ccs in 1 't 1 t to liw 

i ct i t 1 u * 1 > ' * 

i n fdermatoiogk devices t j|. ^ I-k and 2 Hr, have darations between 10 milliseconds 

cacious and affordable to the "average consumer. In some and 1 second, teve a peak power tetweeo 10 watts and 120 

el 1 < i -h ! « '1U inipod.ee n( 5 o 

t 1 < I > c treatmerh -procedure may involve pi 

meats., these devices can bo made to be effective for a variety tujiivemsdofi in this case, the light source is preferably a 

1 Liecnci^vofthe 

1" the pr don, and are de ' - input i * s 1 trcei eenSOO 

.detail below. vmaaA X 5 00 sat. 
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FIG. Us c ( i iofaadeciri 

cal circuit mace < t« m 1 ) d iru t 

FIG. 12 school ilyilh l( t atsof sneJectri 

cal circuit ior {ww < ^ unrctswishbatter- 

ies through .1 1 -fed teb ia accordance wife a pre- 
ferred embodiment. 

ma m nu<n< \ i:n i 1 eiu M < t 



The derma! I< }> be configured 

for perforating a mterop ~ t growth inhibition, 
f« trcatiag ae»e, for treating eni » pigmented lesions, ibr 
' wrinkle treat- 
ment, or both, .; 

A de niatolo^ 1 is also p 

treating a persou « ^od manyofthe 

procedure!, n < , os ao.ord- 

ingtoanyoft i , v 

handpiece assembly of a detn f 1< . r< dinem device is i 
gripptc in - per he hi c< issembly i pn 

ed si i input window conipo 1 1 

conflicts a region oS the epidermis of 8 same or different 
j s I circuit t 

product output 5 j , i generated fey the is embodiments be! v )i f tn i- emb tacnf, 
light source are ! i . i > 1 ing an of elements or features of t ; fe« embodiments tibial 

aperlm* M !i which tM d light pulses are propagated may not otherwise beset ! rhir s t i \ single one or 
from the handpiece having properties sufficient for Jiftca- a combination of two or more of these references may be 
i i, i, s r • i n.ii! .t ' > f r t of the elements or features ol 

4 i hi ti < eierred 11 mem i in the detailed desc; 

■ i ( t r 1 n 1 i t 11 art rp tt l. , i t 

i'hen, the , 'si , ei t 

Scenes are si hatissuffici porated by reference i 

.it and yet has an integrated radiance j 1 t us l described 



What follows is 
ences which arc 1 1 >1 ej nee s cited above 
and below, a«d - cribed a-, back- 

grouad and the invent i • ir ib incorporated by 
reference into die detailed description of the preferred 



cause eye damage. 
BRIEF DESCRIPTION 01' THE DRAWINGS 

FIG. I schematically iliu 
apparatus in u t t .mbodjmcni that jg self- 30 t 1 u .38,041, 

contained and battery-powered. ' * A " 

i EG 2^ schema! ; stiy illustrates a. 
apparatus in accordance witha se 



eferred embodiment with the 
nth respect to the following 



U.S. Pal Nos - ! 4.551.628 4.592.35 

141,5,057,104,5.05'; 192 5,0 5.971,5,109,465,5 
5,405,368, 5,431,647, 5,486,172, 5,700,240, 5 
5,743,901. 5,820,625, 5.824,023, 5,871,521. 



»t in contact 



with a person's skta, that is eye-safe and that incorporates 
transndssive dift t 

FlG.2Bsefcet 1 t 1 f logic treatment 

apparatus in ace nee i a third es liment in contact 
with a persoa's skin, that w eye-safe and to Incorporates a 
' it > ediffuser. 

IttrS 3A . - , ' ' ,,,! 



6,1 '77,020, 6,228,074, 6.273,8: 

6,290,713, 6,440,122, 6,441,943, 6,508,813, 6,511,475, 
6HfM t.\.PI t""s^ . 3-t" , M-> IV 
6,503.853 and 6,641,044; United States published apoiica- 
s ti es no 20( 3/0233 003/0032950, 2 V000449 
2002/0128635, 2002/0097587, 2002/0091377. 

00200154 md2« i 1475, and 
U.S.provisi. ntii Kittttt icatiojssN 0M5U », fifed 
ben.28,2(XH « 13 60/458,861, 



fusef in accordance with the s 

f I' 3( a e latii 1! EostraU 
accordance with the third embodim 



ts optical diffuser ii 



PlG.3Ds< 
cal diffusa- tl 

FIG. 3E s 
FIG, 3C in < 
grcwth-initib 

V1Q. 4 schen 



it;, a ajiothc-r tye i 

. ( hpaiialfy uniform outpn 
matiet-iiy iliu.suotes the optical diffuser of 

, < b t i £ a tak-R 

a 5p eed) e e > , ; k tna o) e . po ce 



lustrates the ■ divergence of a laser 
beam transmitted > t 1 1 concave lens 

FIG S schematic ! asto hair-re wfh-tnhibiting 
apparatn-i in ic ir ( sn jodiment 

FIG. 6 schematically illustrates a front perspective view of 
a self-coafaked 1 1 gofa t mibitirsg appa- 

ratus in accordance wid* a pfcferrccl et.abedHnent. 

FIG. 7 scbematiceihy illusrroJc • a rear perspective view of 
the self-coitaiaed £ ) »ir-re vthrkhibitin^ 

apparatus of f 1G. 6. m 
FIG-Sscbernati; i it .r.soflhchair- 

lvx 1 > 

FIG O eh m ' 1 » five viev of an 

AlGaAs laser diode bar. 

n< % - 10 schemat llyilh r > s ^ cross-secfiotial view of ss 
i ban reg-ov tb , - m accordance with the 

second embodiment. 



24< iiLJ Feb. 25 >' - 1 1 1 eh A "W3 

Q/4 filed Mar , M0 0/451 bl ed Mas ! 

2003; 60/452,591, t iMar. 6, 2t r,d 6024.56,586, filed 
Mar. 21, 2003; aad 

l i u 1 1 ) 9* 

European pub] i pphc PI 16 5% i P0"nl 

257, BP 1 536 476 and 

EP 0 93 3 096; French patent doc u mem t FR2665366; 

Japanese pate ' 1 nits ) 200030068.3, and 
JP1 1244295; 

German patent d> 



Sources, A Comprebej 



cut DE19d29 
/ with i:.as«s and Other C 
veita!!db(K)k,?lcm«m Press (. 



Hode, Ls "Ate lasers more dangerous than IPL iaetm- 
r e „, S ippiemetil 15, 

2003, p f irip ( 1 hi nfer- 



First Embodiment 

A device and mfAoJ ar j first erabodiraet 

0 enab jht-( i der tologic ire r,ej en 
contained and handheld device. The device embodies a 
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10 



h ' is co wtioa ol tt* wered ei© 

e nt3i ginecb.ariic3lde.sigi 

and 3 Sight source and optical design, that enables efficacious 
and practical <Ln- , i • sent in dless and hand- 
held tmmner. ; 

The light »>b r example, one ot more emi- 

coaductor laser diode bars that generate pulses of infrared 
light. To effect^ t t from the d 

passes through the epidermis and is absorbed by melanin in 
the hair shaft and fo llicle. The resulting brief temperature rise i 
of&efollitae temporarily d > (gtheregrowtbol 
lur v h devices e j rati ifuotoO.5 

•iz. 

Eflecti ederw a t wt re ro rth inhi- 

bition, can occur t rd f I/car ) output fluences : 
yet with very long pulse durfetioas (up to iOOO ms). This 
avoids fee need fra 1 a laser powers )r example, 

to produce 20 f/er. in 350 a ilh nm by 9 runs output 
area requires a optical peak power of only 4{i waits. The 
modest peak power retirement, la turn, reduces the etectri- 2 
ca pulsed power eq ret nl titer permits battery 

operation In be u 1 surface-ra un elec 

ironic components, thermo- electric (TB) modules and 
advanced nickei-mt al n '- 1 tery t ehnology, such a 
device has bwr m ; entirely ha tdKl i with j 

the aforementioned parameters in a preferred embodiment. 
A device is *. 1 



•thersira epref! 3d pent! 

t ui > f -t f 11 1 

J/etn and a fixe >j nominal!} 

iO0-35Oa tentative od 1 t t > v 

would be contiau cret 1 !e. Details ofthe 

electrical eireu 1 < > > 1 idedbefcm- 

*i 3d s, i d ieta of preferred en ii r • ii to- 
based rtair-rey shown in FIGS 
e 8 The ext< rior ot a 4 10 is shown sehemati- 
caiij in the « ftgt 1/ trates a «n.p ciive h at 
view atid the output window 420 is shown. Trigger buttons 
430 for initiating iseri ire also vn and are easily 
depressed by a left- or right-handed self-care user. Vent Jou- 
vers or openings 448 are also \ tsihie. A chafing base 450 is 
shewn with a power cord 460 for recharging the apparatus. 

In the rear perspective view of tire apparatus shown in PIG. 
7, the output windov ilh di 1 ' 1 ig will 'he vent 
louvers 440, as well as au on-oif button 4*0 and indicator 
lights 470 r JL - ii j nor 1 gl *"'» in ustetted in more 
detail in FIG. 8, A bait.- 1 172. an on/off 

indicator 474 and a ready Indicator 476 are provided 



isiiius 



e 10, 1 



t.Tlset 
vittdow 14, 1 



If- et battery 18. and 1 ising20. ? 
bat invoi ved «i the 1 operation oflbe device are other mechani- 
cal, electrical, and optical elements (such as a trigger, drive 

t 1 I'C t ] 1 1 

ri bed in more < i bel inToi >e erst 1 

by those skilled la the art titans 1 > ' 
to serve to kit- >.s e e prefc red first embodi- 
ment to he described in mot • detail below. 

In operation, ft usercharg 1 1 i jattery- 18 (by 
ag the devji • 1 > tiot sample, that will 
provide electrical charge frr ' 1 ill outl Once chat d, 
the user presres an output wind 14 or aperture 14 against 
the surface o t.hesku I. Th enure or window 

.14 intmntaet wit! the skin i . preferably made of sapphire, 
bees -.^n 1 ta red high tJ < ivity he n tput 

aperture or windt 1> il> in ipeniog u 

aperture uch bat (he win 1 lidatiirtact the 

person's skin may be a frame of the opening. The heat- 
removal e'leme Id 1 1 h^b 1 - ource 18 
and may draw heat as wet! fe m 1 ^ by c mdtiction 
through wsntfow 14 na6 mixer 12. The beat-remova! element 
lt> may be the , iv *t 1 „vi diat dissipt tes 
heattothesufiTju t seat sink and fan; 
or may be 1 so; id mate 1 eat nnx due m us 
high heat capacity 1 I battery") t ri 1 1 
forth* dehvibel 1 1 pi he fo>m tile 
light source 18b r In an alternahs e 

1 trie a 1 cir may be desig 1 tha 

upon st ffic em 5 act 1 person being 

treated, a ccstrtac seaspr l< a m the t utuut aperttife 
ease ,tiffiti«itci toi'the tv idow component 14 
with a person's skin so il.it out 01 more pulses may be 
tut > 1 , i 1 ?>t pulse > 1 mixer 1 2 

»l i < Jit ro l .at il > uatlornls 

onto the output w tow 14 am i i into the skin ihc 
output window 14 k connected to the heat-removal element 
16 h) roixei 12 at naliy sers'es as t prutecjvt 

leatsi : for the skin. 



The primary elements of the apparatus wid preferably have 
, a volume less than appr» - 1 - » \ aad men pref- 
erably less than , T v i 1 1O0O oaf, and a weight less 
thanapproxit ) tely , Bven ro eprel r 3 bH t f ie 

apparatus may have a volntneless than 700 car and a weigh! 
iesr. than 700 grams, in this way, the apparatus can be gripped 
, and fimdy controlled in a self-care procedure within a user's 
hand without providing stress in the user's grip and without 
causing excessive fatigue during use. As illustrated in FICrS. 
6-7, the apparatus has a volume of 400 em' and a weight of 
'ii ell-cot ed devit toted 

ere t ten 1 e ^ 1 • ieae,s to refer to 
a unit thntis battery-powereii and not electrically plugged into 
mexten 1 ontiel >r pow< 1 during ust In addition, 
where the term -.t t e n lie c is ised ler in it is meant that 
theuuitisfKitph) 1 < ^ ^ unit or other such 

unit and is free t vitl 1 ittacbcd wires or 

couplings. Int 4 1 0 > uch as 

(hat illustrated in PIGS. 6-7 has the light source ami batteries 

tained widun it, si« < 1 1 

any electrical cable or light gt i le • tl le i tat protrudes out of 
th in usin 4b) 1 reie eon rol tr 

other wireless com its' * 1 is' 450 cannot he 

included components of a unit that includes the preferred 
self-contained bo 4i( atedtnf iS. 6-7; however 
in use, the housing 41 f) is free of externally protruding phyta 
., cal couplings such as control wires, optical cables and power 

Even allowing for maximum electrical, thermal, and opti- 
ca! inefficiencies . > h ut meet imcai packing 
lack r the h t c U t 1 
; highly elite e >t a* y *urtber» 
more, the output paeaaieters of the device establish to it is 
efficacious aad practical hi use, 

1 ' erf regarding a 

preferred met! fus i 1 > 1 ■ 1 ppa 

icen s charging 1 v 

idG 6 generally overnight prior to use. Charging of the 
device Is ois t> lone by j it die powci cord into a 
suitable AC outlet > 1 in be ^< nto the chargirtg 
stand 450. Follow 111. < x returned to the 

?. charger 450, so th w u i j , ' y eh 1 for the next use 
The unit may v ^ > \Ier L-i pet ■ tds 

j 1 ' < ithoi 1 i tc the unit. 
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During chary g, the It ndicator ' 372 (FIGS 7-8) 
flashes green. When the battery is folly charged, this light will 
eease flashing and remain green. 

Preparing tin 1 o» Milan mifort during use 
tivoh £ ti fed pnor to trcatott i 

then wtpitrg vt i .. ihj unit relies 

on absorption of light by feehairsluiftoisderthe skin, the hair 
should not have been pret :h moved bs plucking or 
waxing. 11 either o(' these methods were performed recently 
os the area to be treated, treatment should be postponed until i 
hairs are once again visible. 

Performing the treat en tfta nil has been folly 
charged, ms dve r^n.i r< , 'i t M JaLj,- 

ing 'be ON OH to m rt n 5 1G 7 % hen the t nit 
is on, the canter indicator light 474 shown in FJG. 8 will 1 



For a brtcj p>-nc after he j sr i iroed on, tire right 
i 4~ 1 J ting &at ibv unit is 

approaching tile 1 1< J fate. The . i heater light 476, 
when steadily green, indie ates that she device is ready ami will » 
1 alight r eithe! rigger I: to 

• 1 1 d_<t 11 1 

re nr m M to permit comfort- 
able use of the device itt either hand 

lope rati l.fi j 1 

firmly against foe shaved skin area to be treated, and either 
trigger 430 tressed wd clea .fed A beep will be preferably 
e ed In ;t particular 
tit > ! t I/or t or 
preferably heard when good contact is made within the skin :ia 

d 1 I k , 420 ar 

in contact with the skin and wi)l permit the pulse to be propa- 
ga g41 gly, -hesel; t 

.1 1 I en .ii it- 1 good 

conlaci is esfori; . | fee . to is heard, in another 3S 

ent '• aw r other tone or sensory indication 
wiil be heard ifafier .making good contact with the user's skin, 
tb* rt vt 1 420 rioved away front good contact, 
litis indication is to inform the user that a pulse will not be 
p< tit it ■ , ir 3t ti'i the! 1 ng 410 til 40 
contact is re-estabf ished. Alter trie pulse-completed beep is 
heard, the output window 420 is moved to ait adjacent area, 
allowing for approximately fifty-percent overlap. That k, She 
tip should be moved a distance sheet one-half the width of the 
area contacting the skin, ft is not necessary to hold the trigger 45 
Jownthr hepu e ' no main 

fedn full contact h f> n f pt indoor 420 
for fee entire darationol' foe laser pulse, if the output window 
4"* t the skin pri up tt 

< ■ rt the user * so 

si )«P hi re tre c utadditt nal pi) e 

lire preferred own > if the unit is one 

poise every two seconds, and gee.eraiiy between one pulse 
every second and oat pulse every tour seconds. Thus there 
my be a i > . 1 t< 1 t 1 card. 55 

All ofthe various sounds described above serve as audible 
*l ,.>>!oe 

Stxoud and'HtirdEntbodiments 

m 

1 • e c treatment 
device and method incorporate an optical titifuser, described 
tiidetei'lelov ii^r 1 tl ccfo t etv ot tic device 

while minimally affecting efficacy The addition of an optical 
tMhser to increase I 1 ' ice the spatial 6i 

coherence of foe hght emitted front foe device allows the 
a spa ranis to be classified as » Class I Laser Device under the 
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1 5. Food and Dru \ <> istt 1 ntei 
for Devices and Radi >g h fh > mil the use of 

the apparatus v to t t having to wear } t safety glasses or 
goggles and mo < , > at ninat« the ash of eye 
injury tf other s-afetv a ud as the contact sensor 
described above should foil. 

Acc. Tdtngjy, a tie vice and method for d« nrnat- '1 -r te tre; t- 
meat are provided in a second and third embed m.i at tl i 
inherently eye-safe I : 1 1 the :k . e ind method are eft'ec- 
live in treating irious d c iou (i.e. produce 

a fhtenee at the skin surface of greater than about one pule pet- 
square ceatiraelcr) and yet eft the same time, when aimed 
directly into the c romat prodi llaertcc t 

he human «; < bi he Maxirnure Pei bie i 
ire (W !) as defined by the American Natfotiol Standards 
Institute (ANSI) aadfoe late t 1 ectostechaical Com- 
mission(lEC) fh ne for the dl t ent illythesatae 
as the Expos nre Limit (81 fo.hed the utomational 
Commission on 01 sizing Radiatii Protection (IC- 
NIRP). 

It is recognized in the design ofthe apparatus that, nnlike 
f i ght sources, derma 

toiogic treatment does not genetaily reqaire a highly directed 
beam As long a t.' 1 1 tit . ^ ■e manner witto 
a handpiece or applicator prior to its entering the skin surface, 
there is very little 1 jrhftJeHjti 

1 1 J uibhpexpci 

dtc ular to the skit dace) Hiis ;1 t e lesStfois ahighh 
scattering medt ti , i ring the skin a 

> ' 1 „ i . s 0 i skin cells ve;-; 

at ct I b li rected into a g ft 

focorporatioaof'a diffhscr accotnpSishes this spreading of the 
hght s pri i . ntt ingi - . i tic ii ton 
efficacy but g< - s bould be tnoted 

it "ent -.u&ee 

such as a laser I 

(< g 1 leas iistt ' i< irlj fficit rt f .e-ee 0 e rexpusiti 
t^te safety, due tot is tyofl ye and resuiling 

intensification of that light onto the retina. 

(Us noted that 1 i •. bt . eeondattflthirtJ 

embodiments below can readily accommodate the mential 
element-- t f tt t d m. That 1% the eye-safe 
cie> ice ie > ribed m tin embod <• . 1 >elou cm Id be real 
t.'ti ik i elf-cot , * - ed levice .AJTeriia- 

tivcly, foe devices d ribtsll tt Idbet rded t rxn» 
from a conventional a i I dura usi it ilsonotedtbat 
the method of ost evi ibt in the ccond nd 

third emhodimeniii is e -1 lyth ■ men that described- 
the Sirs! earboditnent. 

FIG 2 ^ sent a t d l 1 latologit d< ict 

such as a light-based 1 <■< vth-m tion device, incor- 
porating 1 '-ran o 1' s ce with the set 
oud embodiment ofthe invention. When used herein, 3 trans - 
missive difihser is intended to describe an eiemenl 
incorporated info ight j « g an iapnt sttrfaee which 
the hght un'oally strikes; and a second, output surface from 
which light propagates . Such input and output surfaces ofthe 
erf I ol <hc 

dSfifoser itself. 

The figure schematical ustrates the a cot 

j'^f , - ( 
120 through whicl he 0 1 ' " - b n ving the appet 
rate s though ontpi perture) 1 60 

1 j t chamber 13 !<i 

that emits pulses tt \ in 1 i.taj.a id -a itageous ieatmes. Light 
sonree 14# may for example, & laser diode assembly for 
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treatment of a derinalological condition, and pre terably regarding appropriate optical diffuser designs aad materials 
includes one or two laser diode bars. 

i " i ! if i ' tt j r ' it j 

>.< mce ^bxnK I4( , 115 s c uld be coaled rad't r otl erwise cen 

need not. waifotmly ilhiiniuule diilhser 120. The diffuse? 120 s strutted of a material that is non-absorbing at the therapeutic 
esi; e . ■ ' i wavelengths emit o - i i • I ^ t sp i 

1 ,( j , L ' 1 \ coa eased through ti 

> laser 120 1 1 - i 1 *t«t x.erwi i i , 1 i 

v g i \ broug 1 ' ' n ■ i fosorbing ills t 

substrate. Details regarding appropriate optica! diffoer u> the light would propagate prior to leaving the apparatus 
v n s t „ it sq - i r ' ■> V>< u mote 1 

describing con iml il T ; i a of this etrdx di illustrates the concept of a ! rived er hi an embodi 

lent, the inner wails ol j Hi be . i ,t n 1 1 ' rceur sources 145 is it 

coated and or otherwise consfructedot erial (bat is no fed a 1 155, pr ing di 

1 t repeat [ db> .-5 i c < u | , i 

t It' her thai * -i ' u t f i rees .145 l.aiii pat 

>t ever, a t g irection towat * e skin 

r < < n - " t V 1 > v- « i 

the b\iu Tne roc r i desir- diffuse;- 125. 

able, particularly in a cordless, bawl-held, self-care device & 

, „ , , , COMPONENT DESIGN 

'Ore spit i t may be increased 

through ti m oi mixit i 110 whicf iy be fight Sot xe 

imply a hollo* be with si i > s Vita reuce to FK 1 the iaht source if! is preferably 

ti! i jhwhtcl the ght wouldt ;ate prior to !ea , t( Jase , j a- u „ t r , 

' 'IP ><« « 'ti «tP ^ 11 K PU , Ult ,,, , u r i , p.'ttii > t r ' i^ hi 

1 " ' ' ' " - ' h oxin.rl. 2()Kffl pi' , t ' < o , 

1 ' ■ - rut* repetition 

- 1*> t i sh , , v , 

v. di 11 is 1201 )!<• i n nl . 5t a 

t! ' 1 1 l! , i- lb ) 

* 1 1 1 " 1 ^ i parameters are a! 

1 < ' < icai power into t 

i , 1 n ,ko 140 

substation! f ur fv results from the 1 ht i having :ts The voJurae and weiaiitofthe fight source is abrmt 1 cud and 

" 1 1,1 n b t r r n ( „',,,,,, e, 1 

^if**~ 12 *- , ,, 

I t , , t , L j 

1 J tight t > iit-t ' i . . fa i i s i 

embodiment of (he i»ventto)i. By reference to FIG. 2B, the S5tin { - otilacl Setisc,r 

terrr; reilective didaser is iruended to describe an t'uui. fo P« VC! » m ! » KLfkiit ut F nt ): g h ; P lilse > r « m h < 

- Fintoa pall - r . j t r , , rl ' ' ' J w!l ! 4 ^-inconta 

>vbid! the light inityiv strikes; however, in contrast to a i3 P«l«abiy mauporateO talo trie ttp oftSe preferred denua- 
rrarismissivodiadseuthis first surface also serves as the out- 4S wlogtc treattneiit apparatus. The sensor Y n:iy uic-loae a ring of 

put surface from which bttht prorogates fre ai the diifuser. It ^ srmii "mcruhrsae switches" located around the cbcura- 

is injiher noted that the term "reilta live" is used in this con- *ereace °* the P^faTco sap.pnire wtaaow. hue sjguals trem 

' 11 iluuttl UBht. Id it is, Kltluru « tl tKmu r u s>s< U or i ii a 1 1). ic .c k t 

ir ref-acUi'tJri ^ well ubstanualt 

uirij 21i il. A f s. diitr u h u, ubUKo •<« , ,ms 5s fl alternative embodiment die tngger may be dominated, 

,t 1 r Ins t L , ^ e i r o » r 

a diffusing raatonal 125 which diffuses light iroro source or activate one or more light pulses. As described above, audible 

ces 145 before tl t , r i I. t i ' « i when 

A i t law < t ' g.OOd CO( It , , . pi i 

r <i,, 14- ' ' ' < 1 [1 ' 

emit pulses having nu s i r ^ ieaferes. I It soatce ib;,t *«m R disabled until good e it is again tie 
fS may 1 f > 1 . ' ' ' 1 " 5 ^ 1 » 

i such us uu 1 ' 1 Vindication top t 

j ia j r , to the j ray b« moved to snpther loca- 

'IU< ciiiTud!5gaiateri:d 125 is placed whhinchaaiherilS in m tiofi the ^ P o!se - 

i itit i generally opposifi t rce t b rging i se 

l 1 " lii Betv, i c t pj 

urinate drifuser 125. The diOhser 12S is designed to increase the preferred embodiment, it is preferahly placed ia a charg- 

the diNet^-nce ot the 1 d ghl source or ins. ha - nay he sinuiar t 

1 coherence of the JigJ i fit iced tar use s thbru 

e or sotuues- Diffuse;- 125 may be coastr s j V 

highly scattering material sach as WTFU, e.g., Teflon. Details oittiet, aad is capable of recharging the hsiteriea cwemight. 
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i 1 > t i r third through refraction. Diffusar 120 t i , 

embodiment may also be corded to operate irom a standard diffuser, matte ibr example from opal glass, FTFE, a thin (e.g. 

wall outlet during use, eliminating the need for a charging 0.5 mm) sheet oi'Speetraton, or combinations thereof. The 

base. di£feserl2 > wiraciive or diifractive 

Mixer 

' In&eembodfejcntsbfiwnknaj.temwerUserv^to J,>m r * h d 11 

serst 1. r ^ , , ' * 1 ' 11 L 1 14 " 

andtheheat-r^ mem IS a he, tlte or bo<h r ex^pfe with a feotograptec or Fresaoi 

loads eu tl t ttet hat arc due t< b i h iru pa c-m 

t , 12 ■ hu 1 ' , 

v , ftuserU may expose a 



» light. The length of the mixer is designed to provide good 
■Jruiral nmiomj, 1 s a >' < ] cm [put Mildew fr m 



.i ,o i uch a >uj tile (al t labk 
LabSph«e, Inc.) applied to the surface of the chamber .MS 



< « iji < i ii id t hamber 115 



ft U ad 511 ' 1 

fcrcopperw IJ i m utputvMnd * ,* i3 " ' >, * T^' 

L tcvo s ifJ it 2 t ) is required to conduct b ft W of * j , <V n 8 PP W , l f ! 1 t5 1 u 5 * 7 Jr f > ^ 10 

M<W»«t w^S*^ the low absorption oi the*? materials Atenativelv. shlhiser 



the low absorplio f these n Vlt natively, diOiiser 



,, , -, i , , , i ■ , 

about. em* and 20 g. Tbo thermal ioadon the overdue to 2 > ,! f 33 3 ,V^ f * ^ 

4 absorption is 1 ttea i \ An alternative embodiment , V, ' ' a Sj X ' , ^ * ' 

pnsea.uitipieetenLt to f rnllmkl-skeen ra^Ml ^be ^ to ^ * « flrftedw 

tt^ P LT^^<rt^ ? ^fTt,— 10 39 «0, 3A literates m example of a di0\,ser 129 iociuduK 

r t n it t r 

sectional shape may be aw ot s variety of sbases (such as , , .„ , ... . ,,, 

10. i i rre. n> , .v r> n ,UU I I ,rj 1 ' *\ / i " ' ' . V U \ , ' 

mixamayan , ?! ;— ^c^o^ as Ulu,- 

"!' w 7 • rr ^ " ; %ul : * u, (l ; t , {25 fi , n . mt!V lactate mmb rotigfa- 

' ^ 1 ' ' ill 

« 1 1 ' 5,1, 

/ r alterative u > im „. the M o n « . t « ' ^ m ' b 1 ^ t , 1 '""^ VSt >' i t L ' ! d r di 
t ^ . ru 

of reitectios light from the 1 , t source toward the «V W " h e,tjbw!,): » eri!; ' ! « 5fiiaJ1 ' l( 

b It fh.ua,,, , ' « ^ ' 

t ( rm\u hnng i mr>>jed walls sueii as tet tliuslrated at HO. 

' 54 to 1 r il eiew <" a v . , , ,. ... , . . ■ 

' « ^ i i - v , , A ' Tr \ 

' - ! i: ,( v ' 

r i u t iLL t • { M ^ 

' t 5 i inn t m ! s , 

' fadiffustngrtMrteriai t.hi iieh ihe hgiu passes prio) 

Optical Diffuser caving the device, a dii n> dace is j irela- 

' t j i i i o source 240 such that the! 

not < .i ' a . 1 i Dii'ibs 220 may be met 

va tftement as Q ' - J -t t ! m i ( 11 i jn 

I ' 11 s s . r } ■> ■'O ! ! 

ford, Comi) but more generally to any element (hat, whesa coated with a bulk diffeer such as axi opalteed material used 

incorporated into a light-emitting device having a given nidi- in part WSOlOraanutactured by Spectra-Physios (Oriel). Sur- 

ant exposia-e or flaenoe, greatly .reduces iiie iotegjated radi- feee 220 need not coal die entire inner vvaft of source chamber 

a;ice ("brightness") of the device. A diffusar generally «i 230 but only a suffieietit portioa tc schkve a desired level of 

gei ' r i i 1 ^ „ * i i verge r jc 1 i j , < i > , 

light incident upon it i materia .'d 1 < 

With reference to FIG. 2A, diifhser 12U may be made of a substantially non-absorbing at the tberapetttic wavelength:; 

materia! that scatu ight as it ira% trough it suck the smitted by -source 246. 

abos-ernemioned optical disk di.ffc.ser .from Oriel. Alterna- ss Otltcrttesigas are possibleas understood by those skilled to 

1 " jv he j transparant substrate whose the art and asp i , , 

surface has beea roughened so as to scatter 4» incisieat light enaae hstaa, i.s. f tbfise .aw merely exasiples, 



tadoof a materia! that t it ;rs light as it travels 
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On rpat Window 

The output wind H red j raosptweni, high 
heat capacity and 1 t i nateriai, uch 2s 

sapphire, with a Sow thermal assistance connection to the 

t - i , ptahfe heat 5 

sinking capabi phh 3ow rhe volume 

1 theoutputwindnwiMis ) t jd; 

The thentiai load or the output window is about 8-9 W of 
average power. 

Heat Removal Element 10 

The hea removal ir 16 uf bengal battery 

made of a high beat-capacity single-phase material., such as 
copper wafc j t j r could be j»> c i a varietj oi 
phase-chat i 1 1 1 j ( r fi i . 

waxe which can j ids 5-10 s t r thermal energy * 
density and thus pi , efaraxt scoj pact thermal battery 
At? enibodiiaeat lattery material fh.VJY 

Climates- CiimSei 24 can store 2i0 J/em* and 144 fcj/kg over 
1 <■ 1- ge. Thus, for a t m 

1 < e It td henna; batter 

about 70 era 3 and UK) g. 

Alternative embodiments of fee heat-removal element ,K» 
nelod 1 > * • 1 - 1 ' ' 

exchanger would have a cold-side heat sink thermally con- 
nectesd to the re- I ct ..ermodectrie module, and " , 
ah t ide heat sink heram ly connected 1 the en boruaem 
A £m to provide forct 1 convecvfca ty fat part of this heat 
exchanger. 

Additional Details of a preferred Second Embodiment 30 

A semi-schematic oross-sectioaal dtawtug of an apparatus 
ia accord-nice with ti preferred second embodiment is shown 
in FIG. 10. Mounted at the end of device housing SID, which 
also serves as a handle, is the laser head of the device, eon- 

s 1 1 , i 5S 

ian-ccoied, finned he3t sink. The laser light propagates 
through a square tube b a. int sc< i ol 9 mm by 9 

)>- ' otnopa iiffuser Isappb vii n 

626. The sapphire window, which is in contact with the skin 

luring tteaanea - t e , rain > 1. , 

mermoc-bctnc modules mounted on either siile of the diode 
bars. 

A typa d i ' it- 500 ucting multiple diode 
! r ?10 v hsstrat f ' i 
may be manufactured bySpectra-Physics, loo, of Mountain 45 
V ex>., C alii or (. < i < Calif ) has a 

continuous optic \ e on vit oi )-4 vat , and a maxi- 
mum peak power t > hiag 100 watts a this 
reason, a hair-regrowth-inhibitttm device with an output opli- 
Ipeakpow* 25 W can be designs r 50 

v t ut - , tef 
Each laser diode bar 500 ha - m tt $ in ! i 1 fa! emitters 510 
preferably fabricated on a monolithic structure, and acquires 
roughly 40 amperes of current at a voltage of slightly under 

> ' 1 1 t 1 f 1 1 , i 

more than 50 milliseconds. 

Device housing fit Or tuts itiery pack 710 consisting 
of, for example, six roekei-eadmroro orniefcef-roettu-hydride 
1.2VXsiz<; jatterit e.g.. Pans opart no P-J70SCW, 
or HHR300SCP). Housing 610 also encloses circuit board «> 

U c described in ck 

below. Electrical 5 erl « it » ck 710 is condi- 
ti< idcoii - 1 ;1 rtii ' tuitb 614, aw 
current of nominally 40 A is conducted through wires (1101 
shot 1 laser ci ie bars 720 a . c 0 « , d 618 . <;;. 
laser diode bar packages. part no. 
ASMOOC04OVv'O8O8iOBSO 1 utungf tge Optronics). 



Heats . • satl 1 lit > 1 heat sink 620 (e.g., par 
no HV, 105 Mr * t t s i >tc i to fan 622 
teg, pan no F\N 10' ft a M > la h is also powered 
t Cat- b itei o 'Hi Htsit sink 618 is preferabit g ' 
thermal conductor and art electrical itisulator. The material 

> tt i 1 i f tk 618 1 

sink 628 mas cat . . or copper or 

ciiviry Tiia Stmn^J heat 
sink 620 exekmt heat vi 1 tick i cirealated by 

fan 622 1 sserligl i i<xte bars 7 0p» sr\ trough 

iT5)\tr f>24 (1 r \ t tthoii r square cros sec 

tion having biglt > ild-piated <tln- 

nrinum). 

LiglttiroHunijter 624 then < .< 1 » \ 

626, preferabfy of opalized glass (e.g., part no. W5 3.50 from 
Sai J«t.) oh " ' . i i ti passes into the 

person's skin 62S containing one or more utiwai ' ir 
Diff user/window 626 is prevented from overheating by 
allov ng e-seess leal fo a) 1 1' vindov, 6_t> to be con- 
dttcted through mixer 624 to the er .w 

l oh ule 6*« , "'depart C?0g U 

06L).TB modules 636 are in tum cooiedhy placement of their 
hot side against heat sink 620. TK module:; 630 ere preferably 

Hd-statedc i t 6:4 ti he I 

sink 628. 

The ptuta ipt i d bars may be 

aiignerj with the praietpd - : - ,yt\i!r and par- 

er/wtfidow 626, 
t 1 lit t 1 t t 

ever, the prmctpai optical axis of iiie light coiifted from the 
1 j bars 1st t illy parallel to the normal of 

t • t i i n ) be accomplished by 

tilting t cij 1 lo ! ' 

they are not parallel to the- normal of the surface of the output 
window; or by mounting the diode bars so that their principal 
optical axis is parallel to - • dace of the 

diffuses, but tbe li a tted 1 bars trikes the dh 

fuser at a different angle through the use of a mirror or 
mirrors iV - round 45 degrees ihts 

embodirmnt { ' 
bars 720 to 1 irea ly be spmrdi ;v . from tl e foi wa d 
i t i tii ' -^o] u ki he difiuser/wia n> csahinc 
hi an even wore diffused and eye-safe beam propagated from 
thehonsjng410. 

ELECIrClCAL CIRCUIT DESIGN 



h ii ! 



ogic 



laserd >ia isrs Hie appar r s land-hel treat- 
ment device ford * n< batteries, one 
or more laser d 

apparatus etsables, for the first sitae, effective home hnk- 

r t> \lt inh 1* t > aPovethelW 

' {Mica! i a put U . 1 ) • 1 Woe (less than 

SI, 000) and is r f«> and >1 naectkms tr en 

eteetrfcat out!.'' , - msD tiumber of 

that effectively draws 40 ataperes or more fo',rij the batteries, 
and typically contains one or two laser diode bars producing 
acotnbined ptica! peat t 10-120 W, ornwre 

prefembly 30-t 

stitner cantniab rr prt of the horn 

using a de^'ice that has an output power mneh iiiglier than 
oxisfing home "h \ < ling more effec- 
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•wihinhibi 



ft enjoy 



3 faster coverage rate) while 
st device a sice and 



e of c 



e;«d't operation, ihedevio 
rusewhik gged in., e.j hen it i t o 
til a it s attacl n 

e of v i i r.This - f 
! »e dear !so tve to rechs^ tin aeries 
The concept is oat limited jo its advantageous aj 



to hair-regrow ;h inhibition, nor to the preferred wavelength of 
approximately HOG sun, but rather, may be applied more to 

f 1 en re 

feser diode bars for other applications, ajjd/or oti»er wave- 
lengths. For example benign pigmented lesions and 
sited leg veins n e treated ! * ! in a 

k bar source; and 15 
Ut. tment of acne bstroetioj I > cet us ^ "ad is 
possible utilizing a similar laser diode bar source at 1400 or 
r j i- i nwt'ii 

may include dd t t ssum at liode bars assd may 



wngo 



rally a 



: understood to t 
uaput and output 



rthe 



An apparatus and method hi accordance with a preferred 
embodiment ' t tiety by increasing tise 

divergeiiee and reducing the spatial coheres-.ee of the light 
t a i fro 1 t aperture of ti« aatoiogicai apt 3 

i on Hire (v j i j t i 

aperture, tot .is e^ erein ; halted md the term is 
meant to include any piaae through which the light travels or 
transmits, and may comprise a particular solid material such 
as a window or optical diffusa- or a fluid such as air. 3 
The apparatus and method may alternatively involve 
1 . - ( wtsng the 

sd for batteries. 

Overview of H<> t 1 octromcs 4 

Ut! , 1 • 't , 111 in principle be a 

be 0.001 -3 uperes typicall ' vi r batteries to the 40 
Hiipereiovt thi r he home device 

application dote ril 1 t- easons. First, intojporatson of 
a suitable transformer adds weight, volume and cost; and a 
secondly, a step-up in current via a transformer necessarily is 
accompanied h" l ponding - in \ it ig< i h 1 ; 

for example a': « . \ at the input to 40 

\ and 2 \ ' sad thus 

utilises an inj 1 1 n re ypic di> 

1 .2-3 .5 V output, either man.-, battel it r < a roster than 25), or 
voliisge boost circuitry would hkdy be employed. These com- 
i evite. 
Alternatively, am stigh c ■ idar the addition of a "superea- 
pacitor"t,ie a bar' . n 1 niponentmathas $ 

r tt rtfy - 1 t d<a t 1 ru< t 

pacitorb; M swell, Inc. oi 1 with » capaci- 

tance of! far ! vide very hi gh 

current, torn si te decreases rap- 

1 1 • 1 u put Is addition t adefingits owa t 

The handle of ike preferred apparatus cotitauts a Kfebarge- 
abiebattar) p- c> £ 1 size nickel-metal 

iycb i rilar batteries, t ofpov ,1 vivt 

without a main storage capacitor or uuissforraer for approxi- s 
nsateiy 300- S00 pulses between recharges. That is, the circuit 
1 referred ' a it ct dj > < l ( 1 



cinatit wherein thecmre,.' 1 tern't dij-rnj 

a light pulse ss - u tlalh qual t th cuneni flowing 
through tise light source, tx is substantially equal to the sum of 

rhevdiagepn sided ~>\ tht tteries w 

greater than the hi sourc lue 1 

small votofee o, - - the circuit. 

The electrical battery serves as the source of electrical 
power in a prefet t j t he ef rseal batka-j 

could he con - light sortrce 

lireeti whict he piefcrrec iroct-drive el , 1 a 
n ilii.ru is civ 1 -1 t j s tlut 

drives she light source, (c) 1 1 . i'- j ihat c! apes a c apacitoi 
thit Ji-ocsuet K i s j 1 rm ir^Lstht 

liglrt Njurv^ d dirt d arges a 

■ c i for that di d igl urce. The cherak hatter 
tnay he non-rechargeable, latch as J ib, or <. th ret. bie 
such as rtickei-mt f it' " Mfd ^ rechargeable bat- 
tery would provide reaterconveriii ; o and lower cost for the 
user. For tupokj., 1^ , he ah rdvoi nbodimeni ft) 
a Ni-Mii batteryofaboat SOctn- 4 aodj?0 g would provide for 
about I -r nti c t « v. ibi be afa, t 

SO cm 3 and 50 g. 

<r it - U 1 t r s Li-son 

battentN what f 1 >e kvurvnt^dpa 

b>h',e= Ni Cd batteries 

shies, althoagh they do have fewer series resisiances. The 
Ni-MH batteries selected have a battery capacity of 3 
Attsperc-hours (Ah) at a voltage of i.25 V and can easily 
generate the 500 pulses 1 - 1 

uivarit y factory installed i( preJerab! 

only replaceable at the factory (e.g., during a refobbishinetitj. 

> 1 al ^"t u n:;i)fiie.r-replaec-abh - - t i J , 
either di i jchatgeable, involves a r pies 

1 - 1 1 1 ht t 1 e would iovoive 

battery contacts * s tad shice ;he 

circuit of the preferred emboditnent drives approximately 40 
A, even 25 mill . 1 , to a one volt 

"lOj hu.li presents a c jssd 

erabfe fraction f the t 1 ,t Itage available. Soldsmt 
battery contacts, which are preferred, have much lower resis- 

Blectrical Circuit Details 

FIG. fi ho, 1 t t t leetacsi circuit n 

accordance tb c it s d vo 1 po- 

nents have neen lun pec i le cio tut 

di ^t u \ltJiou j n hv bloc is not 

sh \n it s si a s 1 lL r 1 ft 

meat each o! the block Die « t cire lit for powering 

•and conuroiiing d>e ! r j at pparatiss of th< 

preferred emb dime j «g< ostaad >5ci« t 

u Irivi g a pair of laser di t \ u to cord! hand 

he! I nd 1 It k 1 e. The detail 



stty 1: 



n Use das 



tiptioti btdov. 



itrol eiec- 
and as 



schematic lly ill rased by t k diagram 
as shown in sor accordance with 

ihneaj 

'ilie controller of the device is the processor 888. Coo- 
' ' v rb is a a contEollersuci 

aPK l l U4-2 aiannfaciu, nr > 1 < >> . 

'id tz. Such a i .1 a digital 

I/O. onboard read acees remor 1 sM) jaoavolmife 
memory <FLASld and > 1 liet ti stttres that 

ke it itsexpe.as.b a nd c it to use a: a self 

contained device that is relatively small and lightweight com- 
pared with eotjve ! es Althot jJt die 
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device does not need to employ the use of a aacrocoittroBer, The an 
osiog one makes the capabilities of the device greater than it verts the 
would be otherwise possible ibr a given size. Alternatively, ii analog vt 

C v t i custom at l tcii < igrals 

grated t f c i 

electronics Th< 2 - he operator of 

the device to si gnal th , »tro( pi desired. A trigger 
switch 826 may be omitted if the contact sensors 819 and 820 
are used as a raSar desires a 

treatment puis 88 i c jtes wi th the 

other blocks to i variou pal She processor may 

t i < i ith peripheral d es throng sen uti 
face port 8.16 ' ' . . i « programming 

port 83? by whit i toiler may be programmed 

wtn,epre!er,bK t !y solder* into Use circuit fix 



S37 n 



o he u 



with a 



) * s »nd debit ging of the eft 

A device m ac« - > ei embodiment is . 

powered by battery? ck806an Dt FX s nvetter887 I'he " 
nwrnber of tetter w the bat J < ar sufficient to drive 
current through t: i iiodes 880 i b il^hlomp or 
t 1 In Kill 

804 : and FET's 892 and 803. With great attention to parasitic . 
resistances, a sd i. .to preferred 

barter Co ti tunn, i x t rated tt J 2 \ 

eaehandprovid 

of a chscharge period. The voltage provided by die battery 
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The attalog c SS - p if es and con- 

verts the signal 1 npedance where necessary, of the various 
iSorW These 
I'd, < 1 t c 1 J < ge 813, the cu 

rent sease sj t a 1 814 827, skin semt 

a 4 g 12, reference ge82# 

i«sentativeofthc tem f retorcs s r ft$9, 851, and 852, 

The temperature t > ! iton niter the voltage 
of the finned heat exchanger; the cold side of the thermoelec- 
tric cooler elements 858; and the battery pack 886 and main 
etremtboarf. The i , is are conveyed to 

the processor over the analog signal has 841 . 

The purpose of t!ie skin sensor circuitry 890 is to distin- 
guish h ii mm { i theoutpt t 
aperture of the dei e. Light t ' 1 i ED's)853atid 
854 «ei Li > thed 
Remitted light is , j i 1 tors 855 nd856 rise pro- 
ces r 888 may s 1 linate i a address 
bus 843- The signal fern detectors 855 and 856 are siiaiised 
wdt to aim cite > It ni i 8S9 
v ia the detec or sig ia!842.T) p. ess. ^88 ear then com- 
pare the detect a for each J ) against the kw>*» 
expected value fbrskm la th j 1 tot flushed 
from many other man I in preferred embodiment, five 
LED's, emitting light t the hi ,n n yellow, red, and 
infrared porfio - rum art urn i 
" are used to detect theieraiaed 



r lev 



- > . leg: 



pack 806 is then bett 

The DC/DC converter 887 monitors the power button 825, 
j -s ke-up sign hor < r rg«8r 886, and 3 

888 11k Df X con- 

< 887 the pox 888 if the j ' S25 

press 834 > 

tionaS to the bum e is cooaauoicau he DCd> 

converter 887 1< , nics 889 via 

the battery voltag , • J2* 'IK: converter 

S8" 7 produces die i s * ' T leve « or. i to power the 
other blocks of tl i, namely a rt ice voltage 828, 

U-Tg^teuii'.t 4 „S> j & . pply voltage 830 

j ' j \ *ic i- l H be switched on 

and offby the DO'IX" co&vener 887. The blocks in the dja- 

m out FIG. 11 j i v t > i 



•iid.-t. 



e any sv, itch be <~ ;i ! ;i > . re ici <. ther o miponeats 
woulddevelof i- > c i.j e battery pack volt- 

age provided to f c j vitcbed indeoen 

dent oi tin ientia f>' 2 i I 's 803 5 he 

absence of a swit. -i wi he bath ? signal 805. < 

lite battery charger 886 is used to charge the battery pack 
80S. A coiruiior ' v po%ver J \ UC ^00 m \ 

power adapter (not shown,) caj; be connected at the DC power 
jack 82 4 lhe>- 8: i rgenwdethat 

charges the battery pack 80<! with a current of about 450 mA j 
and s trickle -ci e^ pack 806 

i ' i recharge mode may 

he selected by the processor 888 via the Fast charge signal 
839, The p;oc^ ge state ol the 

battery pack via one of dK in ti us sigr J bus 5 

841 WhenaiX C power jack 

824, the battel v , >t sxi ve>ter887 

to wake op via fee jl v p g) ad can signal the 

prtvessoi 888 .a' a . ito: nignal 840, 

Because the r 

adapter and the charge state of the batteries, an intelligent 
. .aivmgofftsebatteriesHO*. 



j ti ecu 891 provide 

844 and TE 

module signal 845 from the pro. e-s > ssv 
i ) i 1 i vi- 
and TE module 858, respectively. 

Visual in Jtcjt \ ith dn jperat r 

include three LED's, power 859, ready 868, and hattery 861. 
An audible hid , lor 862 . -sed to provide 

nsar eedbacl 1 licaior jeciady ativanta 

geous jnaseif-coj im vice since the operator may have 
difficulty seeing foe evict « > f el 'a--atmcnt of areas 
of the body that ci note I foe iiree jew of the visual 
iad)catori859,869,anu8^l 859 . i 

to signal to a person that the device is on. The ready indicator 
ialiaed, is at the proper 
operating temper t m begin tre latent. 

The batter; iodic ' ^n) rials ! fcaigestafc jf the bat 
tery Ui hreein rsn > ' tiaatedfin sddi 

tion t ) o her preferred 1 t , SK < U, v « fc emit a 

nt light pu 1 v r862mayb< t 
power a poi et off, a tr t pel hot n a\ other 
t-s ; en;.s thr ugh ih« use of dil s J arioos tone 

sequeti es ant 1 4 tdicaton has an 

js-soeiatca i - , - 888 speakes 

signal 846, fa - tt fs48 aaJ power 



al 849. 



' de act e 



contact sensor electronics « are ut 
he outpu; apertuitf aacf/or output window component 
ievice with a firm s i 1 i a Oneorraore 

,819ajod820,maylw wed c ;e ise contact of differ- 
tions of the output apemtt n ee -.anple contact 
1 through the use of a membrane switch 
ik ypads, cal r keypad 
or other eiecuron » < nth de ct it 

the preferred embodiment. Other contact sensors using light, 
ultrasound, electrical resistively or other piiysleai phenomena 
may be used. Ti>6 state of the contact sensors are coniruum ■ 



s liiipien 



US 7,452,356 B2 



24 



cated to the pr< *<v t b ts 821 Ih_ pro 



jrcieta contact j s vided bet re it sis ais &e other control 
electronics that a < eat j > itiated and main- 

tained. The coeto., . ito„-' i <- w < ilse tua\ direct!} 
(arid redundant % gna <. ' • biiaj electronics 881 
via a contact signal S15, 

The ajrrent coatroi te lies SSS provide closed loop 
control of the current flowing through the laser diodes S00. 
lite different il i i trier sense res t i 1 M>4> 

is monitored b} the i an,:,;; c h t| rfectromcs 885 and is 
proportions! to tl irrei th ( the laser diodes 

800 lot d k hag* i I md compared to a 

tet point voltage * fse adjuster , corral seipoif i 
resistor 812 Fb ' ,803 

is continuously a e the currant control electronics 
885 to ensure that the proper current is flowing. When no 
treatment poise i d s indiea pulse not signal 

823, the current t it c S8S is off the coatroi 

Xhn urre ir 1 t l M d n monitor the 

>. i f i 1 tbrougl i - r 2 (801). I 

similar fashion as the c arrets control electronics 885, the 

; i 1 i t v. >4 lies thediff » t 



are be cot et i respectively fbe 

laser diode hers ctod at terminals 
SI and 33 s respectively. Current sense resistor 1, Rl, and 

current sense re 2,82 \. >hraresistons 

let current coat ~oi 111 1 m > an iicl connection 

of two FBT's Q2 s are show « as a 

parallel eonrtectit n < n i l 1 iJ3 Resistors R3, 

R4, R5, and 86 are a parte lit i 1 Ironies oot shown 

discretely in tfie - r$R3 1 

> R4 are connected th of th s tinel FBTs and 

current control FBI , i <, thetr isfctoiswra 

oil' if either gate goal is fc me r« cn fisconneeted RS 

and R6 are nhode voltage 

signal 813 - 2, C3,andOt »r< 

• used to reduce die switching noise of the FBT's and may not 
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: that can be use 



FIGS. I 



developed across current set. 


se resistor 2 (801) 




this voltage with a voltage ss 




es.ii.torSli.If 


the current flowing larougf 




sistor 2 (SOI) 


exceeds the limit, then an r 




is signaled to 


both die pulse enable eleetn 


uiics 881 and the 


processor 888 




t signal 810. 




The pnvuli is ut ks 


ironies 882 are a 





the pufsewidth of the treatment pulse. An independent time 

js n i ■ t by the; , , f-ss hi 
ensure the duration of t ! ' » 1 

time set by the p >17 li the processor 

888 requests > p, eviat . 823 that exceeds 

the pnlscwidth limit then the puisewidth limit circuitry 882 
signals the proces r888and i < c rimes 881 via 

he puis* - i > ;nal818 

The pulse t le r p ion rate) limiting 

electronics 883 sre used to ensure dial treatment pulses are 
not emitted more eo to land e f sufficient lime is 
not allowed by the processor 888 between pulses requested on 
the pul se not signal 823, then the PRF limiting electronics 883 
indicate s an ei cs 881 via the 

PRF limit not signal 81.6. 

The pulse « i hat e!ec n , ies Shi ensure signals inm 
other hx'ss r cik x bit* vesati led tour 

rcij irements p eat puis* 

signal may i J '•. 5 ve arreat ooadiiion 

810, oo pulsewictl ror c lion 818 no pulse rite fre- 
quency (PRF) error 8.16, and the presence of a processor 
enable signal 822 t 1 i. . i . i is are present, the 
pulse enable do 1 t , the entnti 

f'sStUs atmelga a! SOU. 1 
the signals that are monitored by the pulse enabling slscuorj- 

\s> 1 1 t pul < at nue the senti- 

nel fTTs8f)2 are t tied fifl ■ enabling efatwtties 
881 he < tor i l 

The laser energizing circuit loop is shown ooxaprised o f the 
following elern ' } " Via turs pi^ 6!fo 

current sense re ! f e v \ttrof FEPs 

863, remind FB I 802 aa J cum sas resistor 2 (S91), 
i FIG 12 

FIG, .12 stows the detailed schematics of the circuitry used 
to control die cttttcstio the laser diode bars. As radicated in 
FIG, 12,thebatts >ck80bpo ^ « egattve electrodes 



te red embed me 1 i Uure ol the d^s a 

illustrated in HG. 11 md FfG. 12 is that the laser aodes are 
pewered diree'h i V <. j i a the phrase, "pow- 
ered directly, " or, as used elsewhere herein, the phrase, 
+ e inter t that the mst > ilanevu 

current IVa ng through the butt > 
current flowing through the las&r diodes at a partieidar 

aeous curronts differ only in hi i sti il amount of iriii 
drawn ironi the batteries is used to power flic control elec- 
tronics. Ibis - - 1 toni i'rom and 

1 advantageous over state-oMie-ar! laser systems and 
Basblamp systems used for hair-regrowth inhibitioa due to 

r w efficiei « feat pi ides 
Efficient Electrical Circuit Design 

There is significant architectural advantage in fee circuit of 
PIGS. 1:1 and 12 over cenv. w « ut 

delivering AO ampere current pulses for energizing pulsed 
iii 1 i M ■ hat -are capabfe of delivering 
large current pulses reh c <pacitQf to store 

i the dectrica! charge that is lo he delivered during the pulse. 
For example, stati the t hair retr t iysten like the 
LigbtSheer lied lasei s i tot, turn Hashed lamp 
ystem and th hu i 1 rge bauks of 

capacitors drat are re-charged by a DC power source between 
pulses In contra he system of the pi rred embodiment 
ins luces jdix u. hi 1 to esc ibed at >vt 

h circui ojrci.il 1 rent Ises fron the batteries 
to the laser dectro< , ,> to e a main storage 

cttpacitor. Such n in intgeeap > \ let involve a large 
bank >f capacitor en siryof< tpacitors 

Moreover, preferably no step- p irstq down transformer is 
used m the direct dear circuit permits the sue 
Juadwetght )f he apparatus t f robe li w i u he 

significantly lc\ < < cui ud s main torage 
c tp eitoi lod-'ortt < r ) ir orditicewi 'tone 
of the goals of the design of the preferred embodiment, the 
iddit ooalsi ndt 1 i piacit I a k 

. avoided. 

In addition, in mcitor-5 ' j torrent is deliv- 

ered b 

voltage across the capacitors drops significantly 
(voliage-dtargc < e v mapt- means 

that the be 'a^c thun 

desired so taat there weald he sufficient voltage available to 
continue to drive the , t ^* paci discharge. Thus, 
top hi be s resstfe em n 1 

FBT's 803 during bebeg.au , , p s when the volt- 
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ige have not dr »pcd sigti >< ' H uld be ine-oasts- 
tent ^ ith the d< gy-efiici«c.t circuit for she 

hand-held, cordless apparatus of the preferred embodiment. 
1 urtoc<- / tad i i vedin tht direct 

' t ctrj i the pro* ed i liriient by avoid- : 
mg use of a transfonner. 

\d\ ant *g< J tins tievice is 

the use of laser diode bars 80». la PIG. 11, the symbol for a 

in k d* de s used t i i mm lion - one 



reasons. Each is used b\ ■ iffe; at su1 circuit to ensure that 
entreats larger , to 'low through 

die laser diode ' , . . . ..trrents flowing 

Lb.! ht . i ^ r t > -<> Vt < nappr biex 
age will develop with even a nail d< esistance.Ft fids 
reason, coroponei hat are cot trionSydio ght of as resistors 
»re 1 1 > ' 1 ' i s i merely whlengt > 2gaugi 
coppers; easta i< \ to t Mstai 

of ord pprox i 0 •■ jat a voltage ol 



' - ib v User diodes 6 appro? , »Vdt o I diem when the 



tt at converting electrical power h 
optical p er than ot t l red embodiment 

two laser diode bars are connected in series. Laser diode 880 
can be 40-watt 808-mn p kag nanufa tured by Cutting 
Edge Optronics, of St. Charles, Mo., part number 
iSK 0S0810BS0orsin packaged laser dtod 

bat ,800 *> < ; 

pc vej * liveredis ttlicient for ;h rapeaticresm fa ever, 
m efficient laser referal 1 led theffieir-n 

bitttnesmi it ii i sell c< ntained 

and barid-heid h if row tddbili a device 

Therefore, in the circut t of the preferred embodiment, the size 
of the batteries and the electrical circuit configuration are 
that a eq feed iuitcad, 

the laser dudes are driven 1 I vie the DC power 
source, ortlte bait; r> pac* lbs 1 - !e vo tage of fee battery 
pack rc-dnt od , 
lent series resistance of the batteries (voltage-'-cumeatxresis- 
tance), and so the batteries include advantageously small 



laser is pulsed. D fe i I tithe current eon 

tonics 885 cs 884 serve to 

amplify the voltages lev s that are b ' readily used by the 
feedback circuitry, 
s The control FBI's 803 3re the FBI's that control the cur- 
rent flowing In tl > ce >e s ™p bed by the 
batterk that is \ >J r imdn tig 
«»e de jj et cume > s dr ipped at to 
fee control PE1 103 1 eves e batteries are dis- 

> charged and feeba * 1 m there will m be 
excess voltage supply tl if! i i o tl voltage that 
develops ten sfeeFl rfeei tenth batteries are 
near!) depieledkad maw iuaccot iaace 

tb ii ' re i n i sethc > 

> sen' low on-resistance (t tii „.,}. The transistors shown, 
IRL3716" flit m tionai p., BS Segundo Caht ) 
arc actually 180 ' iOO Wl sisl ad re larger feati are 
needed ibr merely etirreitt atKf power requirenients. Hosvever, 



is adva 



i ie batteries u 
irpp.rox.imm.eiy AO A without <1amag 
recent battery technology is ltshi 
hydride or aitematively. nickel-cad 



ippiyin 



• ugh the r 



trails; 



In 

* the FHT's, 



Li-ton can prowde, lor a >;;vett b ju- 
battery within battery pack 806 is strongly driven by its 
equivaient -er et, t SR When drawing large 

currents & m36 11 t voltage cat ievdop across 

dtt parasitic resistance. The vol ped iuett gSRi 

subtraetoti from tf Uter « ie,d c reduces 

uV voltage watlabl ircu tery i powering (hi. 

8SR prck jb ii 1 n 40 V i. dr tv n 

fiw battery pack 80 a ^ §par hie voltage drop is 
srriaiieompaivdt ',. • Itageotitp t of the battery pack 886 , 
II <. "cat ipaet C N MH batter In op seiecttsd for 

these and other reasons already mentioned. The batteries that 
comprise battery pack 806 may be Panasonic HHR300SCP 
Ns-MKredtargab d . > <e ' Of RPNiCd batteries 
sold by Paaaso i ta FJectric Corporation of 
America, Secancns, N.J., or similar batteries. 

Anofeex adv£«r, ge >] h ■ cult desi ; ofthepteferrod 
embodiment ji !hai so! 1 ue mim ed and/or 

voided in oiau 5 c 887 in FIG. 11 pj fttec j PB'f ted voltage 82 5. 

1 ' ad cum be profe«ed embodiment fee gate d ' > 

sense resistors. Minimi v.l rig fee voltage developed across the duced bv fee DC/DC converter is 7,6 volts eveo when the 
i j s ad ... 



that only approximately 20 A iiows tftrough each In 

The* end net! FET' s 802 are used to shut off fee cutic tu if art 
error conditio:: exist: fife , impfe, if one of fee control 
J PBT*s 803 fait such, that current flows when it should not). 
The sentinel! 1 T 802 c. 1 e with preferably -fee same 
criteria as fee control FBI's 803 with one eseeptioa. Since 
the seatitiei I 1 ; 802 arc ed on! digitally to permit any 
current set b> ti ■ ■ , Ps8»3or ■ ict any current, fee 
5 FET' s are either turned or- "bard" or else turned off com- 
pletely. In both of •} esu , little powt sdis paled by the 

tii 1 [ J Kit. 1 t packagi 1 

vorsethc m Ipsrfo ire hand , et n if the control 
FBI's 803. For thi eason, ii 1 12, transistors «uc& as 
1 1RI 7?^; (fnte 0 1 e nt ^ ese>i h-r tian 

sisters Qi arid Q t transistot Id be acceptable 

Ibr ase as FETs 802; however, they would undesirably add to 
fee size, cost arte! weight of the device. 
The serf resist ! 1 rther redtt ei by 

j end ling the circin t m vo uy 1 the 

gate of each of .15 1 istaa ' d' FBI's 

sharp} depci 1 u - fgate-tc source 

h ' t Ik n , , 



;e this wiii determine the minimusn voltage and hence 
thetnuumumnw' r of battel I feat axe iacfeded in fee 
i j n i> 1 

and size of fee apparatus. Voltage drops across the FF'Ts, the 
cibwb! sense nssi rs t! lasc iioeies he batter;^ series 
rcsisemee. ;e)d •.;:■ . J ltt» 1 die other interoon 
need >«s betweei lh< >e < , t t.ents have been taken into 
consideration. 

The current sense resistors 804 and 801 aro redundara 
tlt-ser 1 ire t for sal 



battery pack v 5 ! his voltage js 

greater fean the bt s ui present so that the 

FEIgare-tn-- I scan be 

) driven to a^^i if t-ie in t g 

rtitede oi die \ r It n xypackvoh ige 

this i e peeu'h true St - re iff k tec: afe 

die naterv 1 t its fully mrged 
level, 

; me control -1 802 

in-away feat minit i gfeofth races and iittwcoa- 

1 isolates the current pa roro ircuitrv jnd 
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provides a means of eonchicliveiy rejecting the waste heat the skin such as using 8 fan. Akt-mrnively, cryogea spray may 

rod i ,1.! ei \. anger 620 be used to cool the skirt to be treated, 

i >^o-sc the satety 1 1 { home device is 

layer boards schi . ■ emfcodi , «oa- enhanced wift lower output fiaeaces. Further, higher output 

veat tonal electrical connectors are not used in the high current s fineness, e.g., achieving rwiee the flueoee with a sums spot 

t! 'i 1 1 it t i nstaoce usl id, ton seia ves ,vi < number of ktser di< tei nd puff 

portents axe sokteredat Hie factory. This represents a trade-off abjy twee the batteries. Thus the practical design constraints 

a ease of m r i 1 i r tc j * tail J i J i i i 

voltage drops throughovt the circuit, wherein even miifiohta safely, weight, size, and cost suggest mat output fitterices less 

parasitic res ista i t 1 wherever possible. o than a mtlOOJ re desired 



OPTICAL PARAMETB&S lt f > w * j < rityofthee - r — t 

band of 7t 00 1 i r rot i v i < 

Optical Output Specifkatioas Itatgh visthle *aveleng y also h edit widtl 

Although p t ( r t ,1 htpu J > 1 r " ; 

- — < ' • ' i \ s , r / , , 

res. summary of parameters: 1 ' 

Output tlueace: i.8 Jfem s 



:e (or output aperture area): i era* Another igaifk i ht ivetengfo of the 

Pulsewidth: 0300 s ghi h -> mi lh« >» Uk vavefe tgtf 1 n - i 

Pulse repetition frequency; 0.5 Hz «U*gS between 409 aas audi 100 ran, the higher tire Baetsce 

v n v ;1i Warn ' tolerated by the skiti, bectiuse the absorption of iigtt by the 

fit n epea ptk i power is 60 W and coverage *" *»*»*«* skia decreases monotonic«!iy with 

rate is 30 ear oer minute. These provide efficacious arm metering wavelength over (his range, 

practical treatment specifications. As will also he detailed '» « hrer-regrowth-itihibitioa procedure, melardu in the 

below. thescp9«ieBlaroan)ract«s fall within ranees for mini- hrar shaft aadtoJlieieabsott>s h^t.nesumagm thermal mjary 

mom atxhnaximimi quantities for the pre [erred device. These !i; w fo)!l '- ie < ind delays! regrowth. 5 bus one .aught assume 
ranges preferably nshtde. 

j t , T cm 2 to lOOt iixxto >' 1 
P it f t 



Pulsewidth: 0.010 s 
0.500 s 

Pulse repetition tr^ p <. t 
Wavelength: 700 nm to i 100 am 



light at thes v ng the iteence 

tolerated by the skat. Theoretical calculations and- clinical 
results have deter m-. ed that . a results for hair-re- 
1 ' i 1 ' i i i kja typos whoa the 
li^tt source ' - K t 



Optical Pet* 1W (Peak Power)- JOW.o |»W. llr , y , 1( , , n , ( « a ,%* 

Output Fluence w ^tsa to b^u g \ ers U ad n n>o feeorae 

i t i i i ' • t | ' 1 ' * 

is intended to describe the fluettce at tire output aperture or optica! peaeaatioa depth taalvjag tire apparatus teas efiieient. 

Ut| 1 i W O is 1 1 1 ' - ' 1 . 1 s > t 

I , e do it 1 i,( ! . < 1 ' 

also terntisd below as F . 

u tthe «im| ttHOOtpotpar.n.t-i, ,t ret, tew , ft.sl) ,n p ts rtdnv the hplit ; our,e P 

n r if . t r , , 1 « i < a >f ^ t 

f I tut t i , < a r, 1 > t , r < < t , cr t 1 

' t ■ o i t m ' (1 " ' 

with outp'ut fhaeoces as tow as ) f vtt However, lor poise <n ^ >'WO ved tor acaievmg the desired ihreaee. 

1 ill ' 1 1 -til 

if t ,p fl» lt r it 0 ! 1 ' V , . - < 

J a are t ul U to have .a t etleet. h the be , , som ^ 3 ' / ^ 1 , 1 , dt5S f ^ ; 

actoi ultfiica; trials at these oximeters, it caratot be estah- . 5,1 ™ case whw « L D s ^ otil U as the Itgnt source, 

, ,. !t , r ' 1 111)' ai 1 ; H'tt.xvrt 

f.-i persoa -ind •A-en wbh body s^te on"-* sit-gl-- ™rso& ' 7fK) am; lil " s a wav eleaatJt range cd'hOO am to 1 ! 00 not may 

Catp^c MOP'o.^ Id he ^ P» tf ^ i 

«fa, u r < tnall itteor Bandwidth 

excessively long pulse width is tSiliaed. In addition, if tlois The pulses emitted by the light source J 40 are generated 

' ' t 1 elyt , b> t . t t , r 

laittihloreve 1 ilttenee that les . ' ^ 1 ' a t 

i derate f coat ra * M ^ i r r bout 20° ( 

to which the epider to about i s of 3t ert > 

etarj i be pulse. The en , t' \ 

1 Ily-con itrts^ ft r opei 

live contact surface made of sapphire. or alternatively hreor- For exainpfe, UT) may var,- by about. 0.3 njii.'"C. Therefore, 

porates some fbm ictrec . igof the comaef urfaceor theensissiouwai > 1 mi during the 
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pulse, and (be effective bandwidth of the pulse is then gener- 
ally about 1 cm and may b< bet' eer a b> '.it 5 run and 10 am, 
Where ^-.J re * f hr full-width 

til txim.ua f the energy spectrin. 
Sources smc* as diode lasers or LBD's, that typically have : 
bandwtd'hs of k than 40 a rally preferred ovw 

rlasWamps because they have higher electrical-to-optical 



Pulse Repetition Frequency 3 
The repetition rate < pulst > wise repetition frequency, 
tii ec pptox rtcly 0 Hz and 2 Hte and 

partkailariy between aroanc * id 1 Hz, or between 
oav p wise ever} ery foui sect mis \ 

repetition rate any fast than f B ot desired owing to ; 
the expense and w ght ol < t tble of producing 
pufics tins rapidly. Moreover, the self-care user of the device, 
whetheritis3pei it s ■ tpp light t his or her 

c An k ix or i ttng 1 in w< jldfmd 

tt dtffcuit to v, i <fus over the application : 

area of the skin at higher repel jte ' i the oiher hand 
a repetition rate slower than one puise every four to ten 
seconds would rcadei tl . cm rage rate oi the apparatus 
ui rm inglv slow i < i ipplk tion time 

simply becomes too long even for small treatment areas . 

A higher rj* imi i vlil . t higher coverage 
rate >r more skin area t hichisd 1< 

However, a higl 

age input pov et >wer i"s higher, 

his hiy 

increased volume, weight and cost, creates a problem of 
waste best from the laser diode bars of the preferred appata- 

Pulse Duration 

on ,'f mo epi- 
dermis is kept from rising exce ly in ten per uure the 
energy can be continued t lied into be hair follicle 

eve i ti fie nt gill iWn in i the 

stem cell reg m i iximately IflGms 

to 500 ms. With contact cooling, the epidermis is kept from 
unarm tot. sot much n c r energy over i 

given area, can be applied into the dermis if it is applied over 
a loager time period. 

Thepreferredpulsedurat . ftheapp •■.a>;sabove3-10 
ms and be- to t .-vti 500 ms. 

Pi Sse durati <m ^ 110 rticul iris 1 ekra 

3-S ms, are not desired for the light-based hair-regrowth- 
ishibitmg, apparatus, because to achieve adequate energy 
rlep * in an 1 fd pii 1 peak 

pin trs iiraii 1 i e gy density f 20 

J/ctn 2 in a 0.8 cm 2 ' 1 . i< i in Kim puise involves a 
optical peal po •> 1 x ik c< w et is 

expensive fc< g« ,1 >de lase; bars 

' l in. 1 O , < t 

be used, and tii i >f a se] 1 iusd, hand-held 

and cordless device. 1 1 ' ft to reader the 



least as long as this dier relax i time such that a 
particularly preferred nsiaimura pulse deration may be 100 



Ou the other h j j 1 i 

above between <Wi c 1 t which is iuitialh 

deposited iatf .5 ' t diffuses beyond 

1 1 a u icte. S > i hei i i ti j < - 1 duration regime a 

trans mc • n grac 1 1. • ' lei iveheatsngoS 

just die follicle (and surrounding s;cm cells,! to so-called 



3t constant enerj < t ice) die optical peak 

power eventually i w that ih get doe not get 

sufficiently hot a i r-regn lion. If the pea* 

pow riskep si it^* i increased, the 

fluence can get so high that t becomes patnfui 

and/or may even cause skin bums. 

It is noted that 1 r »«1 ilse dnratioa, is 

intended t< inelod not on) i the con enti ral 

sense, bu tiso i train oi 1 .. u ib >uls< i ot 

modulated pulse - ■ n In general, for 

tt pi T.n> s i I j if t r 

urn idered to be ot pel fffte t t% du don between the 
start i i tliL first su i pulse i 

a group is less than the time period between groups of such 
sub-pulses. 

Optical Pesfc Power 

It would bediffk 1 en temporary hair-regrowth 
ttthibiliou, eg vtb.ti'theop!! 

( cal pe*ik power of the lighl source is below approxiaiaiely 10 
VV. At peek poweK below this threshold, very long pulse 
« .t f 1 f j 

output Huence, e.& 4 cm Fot - a get an output 

i I ti i < poi (i.e.. and omput energ> 

ofS 1) a puked mat u oi i H'Jms is reitiihwi a rjenk power 

' of 10W. 

C powers of o'.vi aj pro* ! W, consid- 



■tergy i 



j be g 



repor-ar 



h in < 



self-er 



issibleexposure(MPB)j* 
much less for short i • < that is, the MPS 

scale a he pel . t . ' ^ ' -d-> cc-%,u rtcrpouej oif " s 
and ior evt sai'et i aiorc dtsatable to 

iavc-1 leu pit-- td ' utfl than short ones. 
The theratal relaxation time of the hair iblifcle is generally at 
least 10 ms and r i I 

stem cells surrou iin iir follicle 1 so for the reasons 
provided j* i- ui k t pulse durations at 



desirable daratt However, higher 

peak powers are Uric tt bail u aexpensive, sell- 
contained, hattery-powered seif*are device. 
Spot Size 

There are mtuiii e 1 < O) . i . she spot size, or 
area of skin iiier t t j >agated from the 

apparatus, is too sotaJL fin eases where tlx; output aperture of 
I s Is ,U: ^ hasp* tsize 

on the skin and tl i t i - ak ^proxi- 

mately ecjual in i st 1 Tf g less than 

0 21 extt , rendi is t hair to t ted ai a time in a 
hair-regi wih «l i < ^ 1 u souse sort of 

visual targeting would he involved to ensure thai the spot is 
indeed over a targe follicle. S r ' ■ i I spot implies a 
very low coverage rate; i.e. to cover a given number ot square 
< • hi tevsof ski so ntah ngi » vox I ha the smaller tl 
spot size the lo - . problem can be 

mitigated to sorru extent b> increasing the pulse repetilioa 
rate, but doing tl t. . t ieel ic .1 power, more 
expense, and m ■ - -mail spot shf* 

v euld ap t x trt I < ' 1 s , >h t < I v 

en i-g) can still % i h flu the skin s rf tee 

(since Suence Is energy dts k > ' >yar -s ''•■e fluence at some 
depth v,'tthi;j the skin where the target ceils are located is 
i I the skin ihe 

btnallerihe ^ et s 0.251 t^is 

the more pa nc ace at 

, f one «. to 

too smah a spot, e end r , bet .r burning of the 



US 7,452,356 B2 

31 32 

epidermis (to get enough faience in she dermis) or m efficacy output aperture of the apparatus, there will be little decrease 

due to madeqmta fluence at depth, f re ech pi j j 1 c 

I 20 s desirable su-fj Since skin itself tedium for much 

primarily because of enhanced coverage rate, For example, at of lire etectromagmMic spectrum, the decrease in iluen.ee at the 
a spot size between 2 cm 2 and 4 cat 2 spot size per pulse, entire 5 target when using a very divergent «iurce with Utile or ao 

1 J i ' f ssumingapnls » i™;ia nsigj i > v. * i 

repetition frequency of roughly one pulse per second. How- Ste fluence a) die target produced by 3 contrasted tight sonree 

ever, for a given output fluence and pulse duration, the optical that lias equal fluence at the surface of foe skin; provided that 

peak power required scales linear: y with die spot sure, and the the dlsuuice .from the output window or aperture of the source 

ind wt b nep ttivt nee - i - < t get beneath t ' < eiss.a on edt 

> i lateral dimension, of the source (e.g., the diameter of the 

Skin Odor 



output window), 



tp^tttetcra^ist^eohorae^stfccddheoutputputsesol ^cul li ! 

c a t device, 1 i - ' !! 

influence on the effect oflfobt-based treatment, is skia color. To ^ srdety under the ANSI, tfitJ or ICNfRP 

- , i . , ,-caf! 1 ' 

i T ;'), eat; Im Ik perhaps six to ,o is times the tin n j < s Ae Maximum KnmMcI Exposure (MP! This value 

t ' i ' i i !l li 1,1 considered mar 

skin. 'With good c h v adredmillisec r i J f t i u 1 the MPS 

end pulse, un 800 ma scarce. 'and Type 1 skin, an output varie * » reat ^ emending on the characteristics of foe light 

c til ji « r L * Wet 

; ^ - , . a . 1 iu " ohcrm 31 f ■ 1 

or rvpe III skin. a'ud'SO j/crrr might bo die damage limit. For S0llrce > tiit; a »S ; < li!tTCtsi b >' * 3 dimension of the source and 
darker skin, the ml e bo closer to 0 1 < , Udi m i in « 11 A t r, c i m die cornea (the so-called angular stibtaise 

a preferred embodiment, ortlv a tixec output fluence is gen- tj> ;t determines the size of the corresponding image o! the 

crated K the a ! i I - ! ' — ' ~° ! ' 

behm. fuclorv seO, due to the various skin types of users, an ol Laser products- Part 1: lsofopmesxi classification, 

, , f i-equii«ments and Hser'sgtude", Edition 1.2, August 2001; p. 

lowering the output fluence either continuously or discretely j 

lb « - 1 i 1 i > t lite second value 1 fo; the llueoee po *d at the 

ting sdl! corresponds to a maximum potential fluence- at the- cornea from a particular light source, as areaaaed through a 

< t • . lo v . t. ( , u ! ' < t , j v f h 

(MPB) as detailed below. The advantage would be thai mil! ra. - i, p. 40 NOTE 2, sub- 
darker-skimiedpeKoss may find the high setting painful, ami « note d.T The value of I ; 0 ,,.,„ ; , depends upon both the fluence 

therefore might prefer the medium or low setting, wWfc still produced by tlie device at its output (the "output fluence"), as 

maintaining acceptable efficacy. fil e light diverges Sfomtt * pro; 

tow Ifheeye. Po ty ii urct i less than th 

rvr: safety 

ao eye, the device is considered eye-sale. Conversely, a light 

P <^.j- et „ Qvgfvjg^, .source that praduc 

,'. , . . . , . . F that exceeds the NT! t e 1 ha:«n »». 

aherence. and -tf , .... 

f , , i f t rj ! , - 1 " 40 1,1 

"itl t < 1 puhe d rti n i , 

... , vi » t . , a » ' 1 /, 

PI sint < u , shown in nea ts gtvc* by tne allowing equation: 

' 1 Aite tath bed -u a 1 » > "ex 1 mi»u rt.'uB-f'i-i.feio-*/' !> cl,£v [E%.!! 
r 1 1 n f r g vice 
fiffuBingsuriacetip hthebo ikes prior it y , where 

1 1 ' J - tisil d,e duration in -seconds; 

To L , ' 1 * 1 * e C, is a correction factor for the vmvelengtii X of light, 

ap^ratusbydiemtrom.ctiOuofdredriluseMhe^ having the following values- 
ram tree light source vvitrun ttte can be increase 
\\U els hsfog materia; or diifo 

be chosen to be substantkiliv non-absorbing and die hsht -"fo'fo (-4' 

source housing can he constrc cted so tksi die iniertia 1 * urtaces ' 01 >* g-' eater t });m 700 urn ha ! less than appm:< imaie !y f 1 CO 

ll!sl tl nxn(near-iafiared light), 

1 l< ' te i the apparatus c^^mtMtn f£ i- 2 \ 

albeit after one omj ^t * 

.material or dill u gsttrf is ve housing. note that C4 acr from due of 1 it 70U am and lias 

Although the licence of the light emitted by the output a value of 5 at 1,050 am; 

p« $ t propagates away from C 6 is a correc ) fa< is equal to 1 ;ci coherent 

tire apparatus due to thedtvargent natiireoi'thehoarn, many of sources (this is strictly correct lor sources that have a spatial 
the chrotnophores within the skin that are targeted by light- as cc&erertceiKartbediftreciutnlii&tn 

i J o- (ii If the tort for arrays > v < etc, t 

is much closer to the surface of the skin ttoa the size of die ptex); and for diffuse, extended sources is given by Co-'-cc' 



for) greate- han 4tW h t 00 ran 0 »«& t 
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idiom and « is (he visible So 1050 m» 5, ■> i vombtoed 

iwaaease is 5.6 Jnnes 5, or about a factor of 28}- 

vi - sf » i • ft! wrct dristhe tat . > :i 
flje source to the comes. 

e njj U | >lii. 1 1 1 

millixaditms-, above this anejc, a value of 66.7 is osed for(". 6 . A popular device forKw-Tegrowth mWbjtioaa& well 3$ for 
Two cases are camdend below lo exemplifv ikwte- lacia! utilises a tWnlamp with v:sibte and 

, , j , ( , k • ' > f '! 1 

treatment ' CHrtpui energ f 30 J (40 nr*j (see Bode, I ire 1 t 

L A vidbtecoteeittaource (eg., a laser), having a circa- tw ^/ " , ^ ^ * 

tor otopm aperture of one squared (diameter of ^ MedlC! »'> Su ? p!« K «xtf 1.x aOtB. p.6; and poster presen- 

, ,, a •< >< «K p >d,r, s ceuteren t e v P ,cal 

- * * 1 , , .., ::\tz?>x 



pi nm» of J cm by 2 c.i 

pdlse duration. 



d angle Q of about 0.4 stemdians: if it is assumed that 
(very roughly) bail flat ij energy the visible, and 
balfis to the 700 nni-900 am range, a value of the wavelength 

BJMjifjD 5 

1 tin r u e c o 

•»>;.-;w,. r-„w.»„»c„„ 1 „, ' fn ice emits uw. 1 . f 11 \> 

Viable, Coherent Source te.g., Laser) 

. ,. . , . , , , than one, ai 1 ,'Hf reach 66 • - ' 1 r 

' 1 i ' t t Hi t , 

( k to i t t u { ^ , f 

1 ' ' ' « l ^ » h > < " i 00 t f 5 rt i j 

Vix ' e 5 u ' ' ' s * M*et angular 

watfct'.stri hi^hM ,. ( «wK <a « d t t , <> 

equal f 1 and toe . «. « pernio exposure at th ^ u( u nis ^ wk fcr tl m . „, ^ ^ , u 

comes gtven by Equation 1 w comes yesdoser to the b^rd w &e eye <e,n 1 , 

i\iM,3x same, h > > the cornea 

i0 *j/t TO s » , f , , , , 1- < . u , Ci poftiO! 

ally. From Equation 3 ; 

1 IH a c .■. lies per square t ier fhis liimice is oi 

i U > , < K , L 1 1 

V I ! t r, " ' """"" 

lems sucjj as hair ( is of course tnte that The t Hum i si urcecf etiergj' Q 

' . it covlldbexttuch directed into a so .u ' r . s pproxiraately: 

" 1 1 ' ' ' ' s (Jgtsre calculated al < fv; . ^ii«i^4^«(fe 11 » 

safetj it it vi tors ■< > oi ifce itoence at tjie comea ? *i 
f , K.i i' 1 fig te laser wi hi this Thus, to tMs case 

•r the 



denB8tok»gic tf«i tit; cuts mentioaad, would pctotice at least a 
few 1 >u t pet « 1 pc tua n I t is 

! < t jfjw of sour i 1 t 

the MPK « sob e. I isatpte upp ise i< 



ir ^proximately SO tiiaes in exces-s of the MPE : stiii m 
te eye hazard. To make this device eye safe toe iluenc 



sssr^sKi^srss «=» * 

4. (An 1.8 i focal kegth equal to 0.8 i s S ed Device in (to n.ce with a Pre it-trad ii 

Saraeier.)Tbis beam exit » lai gje v><>< ar 1 >,5< nica 

radians, or32 degrees. 1'iietlueoceatiidiKtaaccrttom the exit Caicolations ajaalogotss to those above can be done for an 

aperture is given by (this is approximately correct for a Oaos- embodiment of the inventiott herein, as toilcevs. As shown m 

siaa beam from ! ' ictioi iittiited laser): bt source 310 

FtawKe/'.rfrt**'/*)* [t st s Urt * 1 s ' fii vf " J 1 Wh 5 I 

e.up, impiages oti a 320 Ihe c tot 

Where Q is ihe energy of the source So for a source of 5 emits ifee scattered light preferably as an approximately i..am- 
1 > 1 ' ' ' n a I cm 2 aperture, the flaeace at jt , , 1 ^ato dire 

d f pie, 20c it ft v t i 

<■ J s 1 <• < . ' J . t T 1 l. 1 I ' • u 

severai toousaod times above toe MPB. Any adjustment lac- fiashtomp eati be reflected to impinge once again on the 

i 1 c t e r oy incorporating refcecttve wa 

MPB would not be nearly sufficient to make mis device eye and on toe surface of light source holder 340 that faces chane 

wp a t ^ 150 nm an w< I it , i - s ^ - , s 

Juration to 30s to only a roughly 30 t nprov 1 

I f > Xlj-L ^t j v. t 1 J C i , 1 , *! 

i •- * lot tted ,rt 
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hee> e,l h t nan 3t > i ; ; r suv-i o;i 

• «. iamber330betw i the r i t 

1 " 1 x < 5 )^ * < ' txtfitageofreraov- ,. , 

ing any ■'hotspots"& J mthfiliglitsfliiee;i.o. J asourc ei sucha8 s Mor > 

i an Jr i r > J 1 i i J j ' 

i . l ) us than in -it cet j i e angola 

variations will be smoothed out by a difessr. in this embodi- 1 .5 mr i t -re iter than 750 

meat a disk dtffuser of i e , vary as follows as the 

nun j i csn jKo be effected with a different type lidnnt t distance increases, the HI reraaias constant, but as above, 
as defaied earlier. 

ieputi 1 • v ete example is nc'can ceerclude t < « rcei i , t 

It! bas a cir > i Vs in d above, or t 1 i 

it j n p Law fit) « i r How even higher 

tssumo 1 e ice ha « < agt 100 n fevicefiuen a coned ssti llti 

Equation 2, C 4 is equaf 10 1.58. As in Example 2 above, we teres include an in > oi he puis 3i ition of the light 
alsoassu ie that tte device s at a iistat rathe (e.g., from. 30 ros to 300 id ai raase n the wave - 

i urce (t tbedi r lot ' e t put feagtl ' 1 e i 1 n > We to infrared ' ! 

x. if » ! vhich result hi a higher M 1 ia 

I hbx i i li i ' s 20 htCK raj ' ' i l t 

about 11.3 cm nderth condition fomEi latiojil: of eai < t < v < rK f 1 fusi s urce tended pulse 

d ii", 1 ) i.u? r s etersgth) can b j (life 
described above and below. In s hort summary, however, pulse 
durations in excess of 1 00 jbs aad waveleagdis above 700 ata 
For a LiS.nibeman source, the lluence at a distance r (when , 5 Sll - tf preferred, while as maxima, pulse durations are main- 
hi. directly ii t o re t r a source of uu, Q is *" UllK ,\ „ or t 4j 0 , v 500 nw and s tier 1 below spproxi- 
giwnby mately .1100 era. 

i r {IAttt 2 .h^tw J In order to further enhajscetfu. stithy < the d-. . 

use, the pulse duration can also be extended to preferably 300 
30 ins from 30 tus, or m & pn . u 1 00 ras aad 

Thus, fa row -nircc if i di ai, t Kims. In a numb i 1 

a ' j. MPE of .13,6 mJ when Q i hading light-based hair-*e tb kit 1 - s 

Since our s- j r" t f 300 ms of gis « v 

this corrcspoivk 

inventf icta 1 &r providing 35 » factor of (0 3d 

f i 1 ressamplecanb pat tfuenes 5.6 times grea 

Utpw t 1 ' Id res in expo ' ealciiiat > proximately 3 • 1 still 

k excess of the MPB: tiot exceed the MPE at any distance, 

Note tb it th.j 1 1 . 1 errs tor 1 ource 

« feuencc that is eye-safe agrees weii with the corresponding 

' "™ " " ' lete fbvthe* i « fev.iec 

' ' t I ABL a be ovv 

the fiaenee at the cornea from the device must be less than the therefore require no speeihe warning labels or other controls, 

c ed 1 rah distance » ceaadtl e I of 21 40.10. a las h 

eye, not merely the distance chosen t the slxwe example. cites I ABL 1 its Integrated radiance is less than the value 

This can be shown to be true, as fallows. below: 

• -a a i cr»(i.e as the output aperture 

Of the source is drawn closer to the eye, causing the angular 
subtense of the source to exceed i 00 inrad) the MPB remains 53 Since, for our source, 

he san Wi ecteas ' * m e, the Hum ee n the j 

e o t > 1 1 , t 

described above, it is measured through apertures fimhmg the t J ' 3 ^(0.3OO) ! 67, 

' 1 v. t ( I 

the MPE at a source distance corcespondiag to an angular ss p or a L. 3m bertian source, the touree duenee i radram expo- 

suhie.ns.- eo the source of 300 mrad, n. is also sale at lesser w , „ , , lt , r , hrough&efbr- 

distances. msfia: 

Considering now the opposite case, where the source is 
m ed fartl • fro hi eye hai 11,3 cm, t« c <e$ will he ^««W«ftith» 

•" . «,...e,i'».s^)'"! -'- M "Sit! » ,.-^t.i e: l,,.m , 

n 1 i r , ) f .1.33 c i 1 1 

distances between 3 1 cm and'750 cm) and dm case where the Emission Limit if the source tluence is less than 32.6 J.fenr , a 

source sribiends an angle of less drart 1.5 m.rad (ilintances of value that agrees well with the 31 -I'eird calculated earlier 

greater than 750 cm), la the first carse, the hlPE decreases 65 froas the IBC limits for Maximum Permissible Fsposnre 

lioearly with increasing distance, but from Equation 5, F„ >TOTO There may befurmerealcndationse>rmethsKisfordetenriit)i».g 
decreases as the -e, - a< he di lance. Thus, if : eye safe lit i, \ r 41 „j heFD ra 11 
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standards setting organization or «x a different country or 
jetting i r 1 ~» n > lb ■ mits are an 

to be at k i ' > ' v j dated as the AEL 
and the MPE P ' I ,eu may differ and devices 
tp t limitations. 

\n such adhere < iu Iged reasonable eye safety 
imitation is intt led tot the meaning <ind 

use tf the ier r nal applie it on. 

deal Desk , 1 > t 
Hie addition of a difiuser to a light-based dermatoiogic 
devfce to p«n»tt therapeutic fineness autre skin surface while 
i is 8 Routed to th 

preferred 'in i alt i t ibs * tbi»v md 

elsewhere herein. For example, a device for the treatment of 
acne using blue i » t mack e tie at 

therapeutic fhietitt 1 «< ' er, and a device 

for rep s m^-j >, - ' 'e s ^ ■ viti- 

igo 1 >i tg ui r t ► nm to 400 am) can also be 

de m r« t 1 i ' put a 

In general such devices contain incoherent sources with a 
directed output; i.e. fee output heaiu expends from the output 
apertuit by~*5 

about 0.4 staradiai 8j I ' J i ffiiser, the output 
p o i lull 2% steradua f, t< i ffu er creates a 
i asc vutn an 

Oriehtyp. dift'ns r) tf rtgu clepen • ■ ' i i 
ftueace will have the well knov < ependence, whik 
foerelemer ed Tu r Ik. purposes of 

ris application ttw have > , r ijiotion effluence 
with viewing, angle. When typical devices without a difhtser 
{i.e. devices which may have, for example, a light output 
spoadinc m 

directly into the. source, the addition of the didiiser(bncked by 
r 1 let live wail t the ifuenes at the 

cornea by the rati 1 a t t > t i 

art Hi oceoftb t r t 

device that proc sail tthet hich exceed-, the 

tVlFEbyitot; eight times c mbt uteevt tehy the addition 
ofadiffuser. 

noted tits b ncreasedbyupto 

an additional lector of two (while still miiamiogeye-sme) by 
rdteringrheoutpu tt , t iron; Lom.bertiai.uo 

that p ehkga ntorni suui-ce. This can be efiected, &r 
example, hy e- i t -ero-grooves (either by 

dkmond-niaehiniiig of sapphire or casting of plastic; such 
thai an increased ion of the hi t icted into higher 
angles, as illustrated at FIG. 3B, or incorporating a point 
source and nurroi chamlx les n as iijustratetlat FIG. 30. 

The output j fees ot rattts d ribed above are 

described in lem of energy i radknt exposure and inte- 
grated radiance ) t ier tf it « of power (i.e., »radiance 
id radiance ; th> to dt ices 

jnd or n ethod s c e i b> energy or power. 

Alternative Embodiments 

Preferred < ! > tne invention 

n > - 1 '■ ■ ' > - , oi 'he following 

elements. First, as described earlier, the heat removal element 
may be » then ha e ei ue heat is 

removed) or replaced priortouse and absorbs heat during use. 
Ths thermal battery may be a phase -ch gen < 1 s 
ice. cert-uu paraffin-like waxe* fit safes -such as TEA29 from 
TRAP Energy, or may be a Mgh-heat capacity material like 

ppt water, or f , i j ga 

liquid that cools by expansion to lower pressure. Second, a 
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pigmentation sensor may be included that senses the amount 
of pigment s 1 t i ma; toadju 

output parameters such as pulse duration or pulse energy or to 
prohibit operation for pigmentation he c Is higher than a pre- 

i selected tha-ohn i > it t thai is idins. 

rather than aequ - nay be employed. 

By sliding, it is meant that the device is operated hy continti- 
n 1> ling the a ire; on ievtceaero 1 : t 
light xnay ee d v siy 1 1 te devic e 

10 a - ; it eedl acktotheii help ntaindosi tet.p 
within a given ra ' ■ mecbauisatcriBternal 
feedback, such as provided by aa optical or mechanical sen- 
t If urita iosirneyy within a given ran; 1 
i cteool t s employed, sue 

ts or liquid c< olki < j e i with at pit ied to & e .k j 
"Fifth, reflective or diffusive so: ihc e ■ or eieaieats on or within 
the device ran , ij \ >ie Sight drat has been 

scattered back tt the device id kin 1 ck into die skin 
Such rcdirectii ft tt< , ->t ^> > ccur by specular or 
i flu reiteet ran ive iif 

fuaer near the output aperture or Jhan rehective surfacea 
within or on the de ' t term ' reflec- 

tive" is used in this context to include remissive surfaces.) 
In addition to hair-regrewth inhibition, the invention can 

25 also be advantageously applied to other dermatology appli- 
cations, including treatments for acne, benign pigmented 
lesions vasculare t r t wrinkles md ph t> 
rt juventatt' rt" vvhicb • ge ier dlv ■o-.epted ia She held to 
mean skin treatmeta for pigmented lesions (laeiuding brown 

30 and red spots), vascularity ■incliiding the destnietionof'soudl 
blood vessels), and'or skin tone, skin textane, and skin 
wnnkles I r mum be modi- 

fied from the preferred ernbodiment tieir.reaj.v>v,'..h.-:ril.t.ib:tior: 
device to make the device more optimal for the application. 

35 Some modifications to preferred and alternative cmbodi- 
v those skilled ta 

- r. < i' i J + c is. For 

example, for the treatment of acne, a wavelength between 
350-450 am may fo c a sen! : • phot idyimmic eflisct on the 
■to poq i , - 1 i \ v v i i 11 el 

wavelength in foe range iOOO-1800 nm may be chostsa to 

.1 bSi 11 u> r < w t" ' < - f 

in jene 1 fcewi t s broad-baud 

source, such as a feshlamp, may be used in order to simuits- 

^5 ncously tR tt v t vuiar m< pign sit is atd improve 

skin tone, texture, and wrinkles. For piwtoreiuvenation, 
somett hat hfulc Jf s hat e been sh >wi to hu effic i 

can eg 500-1 .100 nm t < > c pplics ions the 

output iiuenees i j ral ire 'tis gte tter than 4 

St T/cm tobeetfi i - o. erahynoteye safe 

at these levels ilt gb in scci e v it 1 ! s preferreii 
emb> diaietH a Fi a ' i, to red ether axiutttm 
fiueaceat tper - o be! os tlje ^t}'k 
Aiso, 'dives k Jaset fnht 

5s soarces arc i -lined ntietn js 

iivei-gertt" wl i i j reatt that! 

iippnaximfiteiy ±6 degrees, where the divergence is defined as 
the geometric o i c hai f-angle tbi mod between the 
principal propas tion axis I xjs) ar a j tri.-,> dth haff- 

W rnaxi.miim (FWHM) energy axes in the x and y coordinate 
directions T e / sms i 3 • te 

x-dii«ctio« t t < r vt a +a 

hentbt rgence * b , m 1 hec i 

i«, tiroes *«,,. For example, diode laser bstrs tvpieally have a 

ts FWHM beam diverge - t ?f ees t one axis 

and about *5 degrees in the other axis, so have a typical 
divergence of about i t here. Thuts, diode 
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laser bars are ad i g wee. i lasers a general, 
< ■-.-em sources A 

< jq e 6 degrees rcafates "diver- 

gent" sources suet i lasers and flasalantps, fom 
"collimator sour . ... . ■ tave some diver- 
gence but typically less titan. 1 degree. Divergent light sources 
superior r « e.t t ' <i 

that a significant portion of she light from such divergent 
s at t> tri - ' , i iail) irectet: ft 

significant ngle >< t priaci gat n direct w 

Thus She task of it.- diifuser t ■ go ad the light into large 
aagjes is sSnipiified. 

While tntv b > etnkxlhaeatso 
the preseat iavwiliofl have been described sad illustrated, it is 
to be understood! a t , be present invention is 
not to be Kn tied to she particular oc meats di^n-Acd 

i embud > i' L > , , t t 1 
than re rieti I it > ' i .d that variati as 
may be made in those embodiments fey workers skilled in the 

'i ith t > t as the scoot < preheat invention, 
as set forth in the appended claims and structural and fuac- 
tionai equivalents thereisf. 

In addition, in methods that may be performed according to 
prehttred sab d that raov base beea 

described shove, the >pe: t 

selected typograj However, the sequences 

have been select k ' raphieal conve- 

afeace and art ; s ular order for 

perfotmtag the operations, tmkss expressly set forth in the 
claims or as understood by those skilled in the art as being 
necessary. 



We claim: 

1. A dermaol i d i 

a light sofJH v i ]>' an output 

fiueoce of 4 ■It.Xjj'cm 1 at 3 target area of a patient and 
having suf&ieat ftuettee to cause aair removal at the 
target area; and 

i tit ' ' tu&fordi tril t ' i mi heii bis ut - 
i 1 oss aa input o « djffu r 

wherein the d 1'user diffuse; . g sufficiently to 
c i ipp -all , be e> t during u tme) 

while ttum .i i i iff 8 nc o cause i i 

removal at foe target area of a patient. 

2. The derraatologic treatment apparatus of claim 1 
wherein the difmser has substantially the same area as the 

3. The derm ftokra teatntert >j tfus of claim J 
wherein the difftsser is larger in area tha» the input. 

4. The apt: 1 ¥,1 j 
divergent. 

■ i 1 1 e. 1, wherein t I 

distributes light from the light source across substaatially ail 

0 f the diffu ser. 

6 paraftis of claim 3 rein a principal 

of tight emitted by die light sourer- striking die diifuser is not 
paraliei to the nc rni i t urface of the diffuser. 

7. The apparatus ft! j n «, ei be light source com- 
prises one or more laser diode bars. 

8 Tnenpparn claim 4 i light source com- 

prises one or more diode lasers. 

! V j i cl % - i one or more diode 
lasers includes one or more laser diode bars each comprising 

1 iuitipie i erdi te a titers 
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10 A.dermato! g it r mprt»utg 

st hsdv ourt providing 14 100 ch at i 

target area o) tmtao ilia alncisni Sueaeeto 
effect a hasr rem val derm ' - tt in -r t foe 
5 target area", 

[n pi amunicates the 

finance substantially across the outlet, and 
aa optical di so that the light 

emitted irco ap] i cj 0 during the hair 
tit reaioval dermatologk si treatment 

11, The demtatufagic treatmeat apparatus of claim Id 
wherein the finer ei tSi <' i ' 1 iair removal is per- 
manent 

.12. The apparatus of ciaisn 10, wherein the optical dtffiiser 
is comprises at least one os'a group including a transmissive 
dif&ser end a reflective diftuser 

IX The apparatus of claim 10, wherein the optica! diiiuser 
i i irai difTusar and jipriw < < 

diifuser mediata. 
J-C i4 rheappa; m feteiia lOwfeenmntb optical tipara 
tus distributes, the light vrmlv acr>.i<s the 

outlet. 

IS 'j. he apparatus, ol' r ' } dn j' primarily 

within a spectral hand t 1 ''<» om a 1 100 am. 
'> !*> j i i , t a 10 oin the iigh 
iaclu - . - * n< re li - - u »t 

17 The apj 1 (j- one or mors 

diode lasers includes one or more laser diode bars each com- 
prising astdttpie laser diode emitters. 
w 18. Tl r 1.10 a i 

ixi ol > 1,1 miitedfroiTi igi ne tokitig the ditl 
is not parallel to the normal of the surface of tfce diffuser. 

19. The appai i im li - t 

t npri s one or more laser d !e bars 
jS 20. Tbe apparatos of ciaira 1ft wherein tlte light source 

provides pulses of Sight. 

21, The apparat toi t u a 20 vh« n the pulses have a 
pulse .duration d t second 

22 A derm fog tmati i iparauts cornprising 
a hglit. source comprising a plurality of laser diodes pro- 
viding a plui ty of light pulses wit tpat fiuenc< 
of 4-100 X'ctn 3 at a target area on a patient aad having 
sufiieieni flaence to effect a hair reinovyi derrtsatidogicai 
4 . treattneatatthetargefarea, 

optical appsu- > , ' t 1 te mnmaicatc the 

light pulse sns taut ly ac s the outlet; 
an optical difi J ei ; ,t iitl la !h 1 t '•■ teeeh ed from the 
outlet itbaf Sigh 1 if mtl a p rratus 

, 0 arc eye safe for the patient during tteainient. 

2^ lite spp a 2 i ! iitlu r 

comprises at least one off am aga iransmissrve 

liflust ,f ofleel di! ;e.| 
24. The apparatus of ciaaa 22, wherein the light source is 
55 divergeat 

25 iheap" pticalappara 
t»s comprises a t ■ J miaa t so> lotiallywti 
forady at the outlet. 

2t> fheappar i c .1 i i principal optical 
It • hjit » • ' , n 

not parallel tt te normal of > f&edfflfiise/ 

27. The apparatus of claim 26. wherein the optical diffussr 
comprise, a - i ' . k J jfuscr 

28. A derma 1 r ig apparan 
65 comprising 

e r diodes coaftg> 

itredtoproducepuKas - reg^wth-iabib- 
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sting procedure wherein the pulses are of sufficient fiw- 
i ib i egt <, i lie 
> i i r t - iy uniformly < 

tnbuttog fight from the %fct souree across the caiiiet, 
■ o- t r posed recei light from me outlet io s 
f ' 1 i t * f 1 r ' 

II t t , , r j 1 t [ 

i v i ) i a i Hi 

fcair-regrowth la the target area of the pattern; and 
whereto the i ght pulses Is to 

within i ?> t 1 »mj the pulses 

have a pulse duration between 10 milliseconds and J 
second, and the iiuence at the target area is between 4 
Wand 100 j/c«i a . 
29 Xheapparan ^ pii ti lifmser s> 

IfcdiS'user 

30, Has apparatus > lain 28 vh rein the light source is 
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1 s k a i ' jic appai 1 r T - ■ \ ' rapris 

i divergent 1 i corn] g c t f lasei 

i • r each < waj rishis > p uralit • 1 ev dio 
emitters and configured to produce pulses of Sight sub- 

ii x < I < i i « i JlOOr 

to eS r i v i t , r T 

pulses oFKghi lit km ha 

4 J/cm a. i it cig a pulse 

durati< i between 0 mi tids I ecoad, 

a mixer, having t e > tainted! uaii era h dis- 
tributing li 1 a.h j i <r r > jutiet and 

a bulk trim:; missive diffaser. disposed to receive light frost 
the canter, for diffusing the light sidt-cjently that the 
puis. 5 ii tend ted a , i ttpu j ;h lifj ■ > re 
eye-safe during a hair removal rreaanent. 



